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—  keratophaga  

omata,     PI.  xv.  f.  8 

^—  pneciursor.     PL  xv.  f.  6, 7 

Leda  speluncaria 

Tiiei.     Pl.xv.f.25    

Lima  pnecursor.    PI.  xv.f.  9 

MacrcKlon  stiiatus 

Modiola  minima.     PLxT.f.26,27    ... 
Myaeiiet  tiriata-gramUata,      PI.  xvi. 

f.l    

Mvoconcha  costata 

M yophoria  postera.    PL  xyi.  f.  8-1 0. . . 

Mytilus  Hausmanni 

(htreafimbriata.     PLxvi.  f.  24    

intentriata.    PL  xv.  f.  25 


Pecten  Yaloniensis.    PL  xvi.  f.  6  .... 

Placonopsis  Alpina.  PL  xvi.  f.  4, 5 
Plturophorut    angulatta,      PL    xv. 

f.  12. 13   

elonffatta.    PL  xv.  f.  14, 15  ... 

Pteromya   Croweombeia.       PL  xv. 

£.22,23   

fimplex,     PL  XV.  f.  24  


Permian . 
Permian . 
Rhsetic  . 
Rbietic  . 
Permian . 
Rhstic  . 
Rhaetic  . 
Permian . 
Rhsetic    . 

Rbstic  . 
Permian . 
Rhstic  . 
Permian . 
Rhaetic  . 
Rhetic    . 

RhKtic    . 


Rhstic 


(Gatteropoda,) 


Ceriihium  eonfirictum,  PL  xvi  f.  1 3. 
^—  eyiindrieum.     PL  xvi.  f.  15  ... 

decwaium.     PL  xvi.  f.  14 

RM4fiieum.    PL  xvi.f.  16 

Chemnitzia  Henrici(?).   PLxvi.f.l2. 

nUida,    PL  xvi.  f.  11 

— ^  Roessleri 

Chiton  Loftusianus 

Rhaiicw.    PI.  xvLf.  28,29  ... 

CylmdriteM  eUmgatw.    PL  xvi  f.  20 

fiufformig,     PLxvLf.  18 

ovali».    PL  xvi.  f.  19 

oviformU,     PL  xvi.  f.  21  

Dentalium  Sorbyi  

Natica  minima  ?    PL  vii.  f.  7, 8 

OppeUi.    PL  xvi.f.  17  

Patella  (vel  PUeopm^)  

Riasoa  LeighL    PL  viLf.  1-6 

StraparoUut  SueuiL     PL  xiv.  f .  2-5  .. . 

— -  Permianua 

TroekuB  nudui.    PL  xvi.  f.  22   

WaUoniL    PL  xvi.  f.  23 

Turbo  heliciniis 

TiurritellaAltenbargensis.  PLviLf.9,10 


Rhstic 


Permian 

Permian 

Rhstic    

Rhstic    

Rhstic    

Rhstic    

Rbstic    

Permian 

Permian 

Rhstic    

Upper  Silurian 

Permian 

Rhstic    , 

Permian 

Rhstic    

Rhstic    

Permian 

Permian 


South  Yorkshire.. 
South  Yorkshire.. 
Beer-Crowcombe. 
Beer-Crowcombe. 
South  Yorkshire.. 
Beer-Crowcorobe. 
Beer-Crowcombe. 
South  Yorkshire.. 
Beer-Crowcombe. 

Beer-Crowcombe.. 
South  Yorkshire... 
Beer-Crowcombe.. 
South  Yorkshire... 

VaUis  

Beer-Crowcombe ; 

Vallis. 
Stoke-St..Mary; 

ValUs. 


Beer-Crowcombe 


Beer-Crowcombe 


South  Yorkshire.. 
South  Yorkshire... 

VaUis,  Frome 

Beer-Crowcombe 
Beer-Crowcombe 
Beer-Crowcombe 
Beer-Crowcombe 
South  Yorkshire... 
South  Yorkshire.., 
Beer-Crowcombe 
Millepaya,  BoHvia 
South  Yorkshire... 
Beer-Crowcombe 
South  Yorkshire.. 
Beer-Crowcombe 
Beer-Crowcombe 
South  Yorkshire.. 
South  Yorkshire.. 


BtOeropkomtff. 


(  Nucieobrattehiaivm.) 
I  Upper  Silurian 


lllampn,  Bolivia . 


303 
304 
500 
500 
306 
504 
500 
306 
505 

506 
304 
507 
304 
501 
501 

501 

fbOO 

504 
503 

506 
1,506 


/'508 
508 
508 
508 
509 
510 
301 
302 
511 
509 
509 
509 
509 
302 
300 
512 
70 
298 
511 
302 
510 
510 
297 
300 


70 
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Nautilus  Fk^eslebeni . 


(dphaiopodfm.) 
I  Permian |  South  Yorkshire... |    297 


ClUUPBDB. 

Pomeip€9  Rhmtieui,    PLxyi.f.30    ...|  Rhsetic 


|VaUis,Frome |    512 


Crustacea.    (25.) 


Wood 


Anihrapalamon  Chrouarti.  Woodcuts, 
f.1-4. 

—  (Palsocarabus)  dubius. 
cuts,  f.  6, 7. 

— ,  «p.   Woodcut,  f.  5 

Jsiaeoderma  bieutpidaium.  Pl.xvii. 
f.  2, 3. 4,  7. 

—  declinatum.    PI.  xvii.  f.  9 

— /^^antini.     PI.  xvii.f.  18-20  ... 

ren^forvM.    PL  xvii.  f.  17 

nrratum,    PL  xvii.f.  15  

—  tpinotwn,     PL  xvii.  f.  16  

terminate.    PL  xvii.  f .  1  &  14. 

trianffuiare,    PL  xvii,  f .  5 

undulatum.    PL  xvii.  f.  1 1-1 3. 

Beyrichia  Forbeeii.    PL  iv.  f.  13    ... 
Cypris  liassica(?)    


C]rthere  (Bairdia)  plebeia 

-^—  Schaurothiana  

—  (Cytherideis)  Jonesiana 

Estheria  minuta 

Homatonotut  Linares,    PL  v.  f .  1 , 2  . . . 

,«p.    PLv.f.3   

Kirkbya  Permiana 

Paleocrangon  socialis.    Woodcut,  f.  8. 


,«p. 


Phaeqp${Cr^htnu)PeiUlandiL  PLiv. 

f.9. 
latifrons.    PLiv.f.8 


Lower  Carboni- 

ferous. 
Coal-measures 


Upper  Silurian 


Upper  Silurian 
Rhaetic    


Permian 

Permian 

Permian 

Rhaetic 

Upper  Silurian 
Upper  Silurian 

Permian 

Lower  Carboni- 
ferous. 
Millstone-grit... 
Devonian    


Devonian 


Lanarkshire 


Coalbrook  Dale  ... 

r530 
532 

Lanarkshire    

530 

^  Ludlow  &  Norton 

549 

Ludlow    

551 

Ludlow  &  Norton 

552 

Ludlow  &  Norton 

552 

^  Ludlow    

550 

Ludlow 

551 

Ludlow    

549 

Ludlow    

551 

Ludlow&  Norton 

551 

lllampu,  Bolivia... 

67 

Beer ;     Taunton  ; 

512 

Vallis. 

South  Yorkshire... 

308 

South  Yorkshire... 

308 

South  Yorkshire... 

308 

Vallis,  Frome 

512 

lllampu,  Bolivia... 

66 

lllampu,  Bolivia... 

66 

South  Yorkshire... 

308 

Fifeshire 

533 

Yorkshire 

533 

Aygatchi,  Bolivia 

65 

Oruro,  Bolivia    ... 

65 

530 


Annblida. 

j9ti£Ude-hibe8  Q)  '  Permian 

TentaeuUtes  SaienxU.    PL  iv.  f.  1 2 j  Upper  Silurian 

nqnremut,    PL  iv.  f.  11 Upper  Silurian 

Worm-burrowi  |  Upper  Silurian 


South  Yorkshire., 
lllampu,  Bolivia.. 
Ilhimpu,  Bolivia.. 
Bolivia 


309 
67 
67 
68 


CambidtaQ) 


Insbcta. 
....I  RhKtic 


I  Vallis,  Frome I    513 


XI 


Name  of  Species. 


Formation. 


Locality.  Page. 


P18CB8. 

Pteraspis.    Woodcut I  Devonian  &  Up- 
per Silurian. 

Dunensis    Devonian    .... 

Sargodon  tomicus.    PI.  xv.  f.  1 '  Rhaetic    


Squaloraia   Rhsetic 


Germany  &  Britain 

Eifel  &  Wassenach 
Beer-Crowcombe ; 

Vallis. 
Beer-Crowcombe ; 

Vallis. 


165 

163 

498 

49tf 


Mammalia. 

Human  Tooth.    Woodcut, f.  5 1  Pliocene I  Massat,  Languedocl    470 

Macrauehtnia  BottvieniU.     Pl.vi.    ...|  Pliocene |  Corocoro,  Bolivia   I      73 


Flint  Implements 


MiSCKLLANEOUS. 

I  Pliocene... 


I  Suffolk,  Kent,  BedJ    363 
I     fordshire. 


ERRATA  ET  CORRIGENDA. 

Part  I. — Psoc£EO»o8. 

Pago      5,  line  11  from  bottom,  for  22  read  2^. 

„      10,  after  line  5  £rom  top  inaert  Sulphate  of  soda. . .  10-07. 
„    line  8  from  top, /or  08-56  re(M?  99-53. 

„      46,  line  16  from  bottom,  for  ramoe  read  ramo. 

„      69,  line  15  from  bottom,  imtrt  n.  before  sp. 

„     125,  line  8  from  bottom,  for  Inzessdorfer  read  Inzersdorfer. 

„    234,  line  15  from  top,  for  Mr.  Shorpe  read  Mr.  Sliarpe's  paper. 

„    237,  in  the  last  note  but  one,  for  p.  127  read  pp.  20,  127. 

„    3o8,  line  17  from  top,  after  But  inaert  as. 

„    405,  lino  19  from  top,  after  from  insert  the. 

„    417,  line  13  from  bottom,  f(>r  blue-clay  shale  read  blue  claj-shale. 

„    448,  line  5  from  bottom  (in  the  note),  for  in  read  on. 

„    455,  last  line,  for  their  read  thin. 

,,    504,  line  15  from  top,  for  Plsuropobus  read  Pleurophorvs. 

„    511,  line  6  ftn^m  top,  for  Steapaeolus  read  Straparollus. 

„    528,  after  the  fourth  paragraph,  add^ — 

Whilst  this  pAper  was  in  the  press  I  heard  from  Mr.  Prestwich  tiiat 
in  a  well  near  Watorloo  Bridge,  which  passed  through  the  beds  from 
the  London  Clay  to  the  Chalk,  the  latter  rock  was  found  to  be  in  a 
rubblj  or  disturbed  state  to  a  depth  of  at  least  20  feet  below  the  Thanot 
Sand.~W.W. 

„    529,  line  5  from  bottom,  for  advantage  read  appendage, 

„    531,  last  line,  dele  the  1  after  PcUaocrangon;  and  at  the  end  of  the  line 
add — c.  Enlarged. 

„    533,  line  12  from  top,  for  long  read  short. 


Part  II. — MiSCELLAKEOUS. 

Page   30,  line  2  from  top,  for  Jokklar  read  Sonklar. 


GEOLOGICAL  SOCIETY  OF  LONDON. 


ANNUAL  QENERAL  MEETING,  FEB.  15, 1861. 


BEPOBT  OF  THE  COimCIL* 

Lv  laying  their  Annual  Report  before  the  Geological  Society  of  Lon- 
don, the  Council  have  much  pleasure  in  congratulating  the  Fellows  on 
the  generally  prosperous  condition  of  the  Society. 

The  number  of  new  Fellows  elected  during  1860  was  35,  making, 
with  four  previously  elected,  whose  fees  were  paid  in  1860,  an  in- 
crease of  39.  During  the  same  year  the  Society  has  had  to  regret 
the  loss  by  death  of  19  Fellows. 

One  Foreign  Member  has  been  elected  in  lieu  of  one  deceased. 
The  number  of  extraordinary  Members  has  been  reduced  by  the 
death  of  one  personage  of  Royal  Blood  and  five  Honorary  Members. 

The  total  number  of  the  Society  at  the  close  of  1859  was  907 ;  at 
the  close  of  1860,  922. 

The  excess  of  Expenditure  over  Income  during  1860  has  been 
£120  11*.  lid.  This  excess  has  been  brought  about  by  the  occur- 
rence of  the  following  unusual  items : — ^a  donation  of  ^0  to  Mr. 
Nichols,  the  Society's  late  clerk,  in  consideration  of  his  long  ser- 
vices ;  and  £100  for  the  additional  Number  of  the  Journal,  which  it 
was  agreed  to  print  in  order  to  bring  up  arrears  of  publication. 

The  Council  have  to  mention  the  handsome  donation  of  50  gui- 
neas by  Mr.  Tylor,  towards  defraying  the  general  expenses  of  the 
Society. 

The  Funded  property  of  the  Society  amounts  to  £4350  in  Con- 
sols, besides  £500  of  the  Greenough  and  Brown  Bequests,  invested 
temporarily,  makiiig  in  all  £4850. 

The  Council  have  to  announce  the  completion  of  Yol.  XVI.  of  the 
Qoartcrly  Journal,  and  the  First  Part  of  Vol.  XVII. 

A  revised  list  of  the  Fellows  has  also  been  printed  and  drculated. 

In  order  to  aid  in  the  re-anangement  of  the  Museum,  a  second 
roL.zvii.  a 
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temporary  Assistant  was  engaged  at  the  recommendation  of  the  Spe- 
cial Museum  Committee, — a  step  which  has  greatly  assisted  the  pro- 
gress reported  hy  the  Museum  Committee. 

The  Council  have  to  report  that  on  the  resignation  of  the  office  of 
Clerk  hy  Mr.  Nichols,  they  considered  it  duo  to  his  long  services  to 
present  him  with  a  sum  of  £50  ;  and  determined  to  recommend  to  the 
General  Meeting  to  award  him  a  further  sum  of  £70,  making  up  one 
year's  salary. 

A  great  number  of  Candidates  having  presented  themselves  for  the 
post  thus  vacated,  the  Council,  after  a  careful  examination  of  testi- 
monials, have  bestowed  the  appointment  on  Mr.  George  E.  Roberts. 

In  conclusion,  the  Council  have  to  report  that  they  have  conferred 
theWoUaston  Medal  on  ProfessorBronn,of  Heidelberg,  for  his  long  and 
successful  labours  in  aiding  the  progress  of  geological  science  in  ge- 
neral, and  more  particularly  for  the  assistance  ho  has  afforded  to  the 
progress  of  Palseontology,  as  evidenced  in  his  *  Index  Palaeontologi- 
cus,'  and  especially  in  lus  later  work  on  the  "  Laws  of  the  Develop- 
ment of  the  Organic  World ;"  and  the  balance  of  the  proceeds  of  the 
Wollaston  Fund  to  M.  Daubr^,  of  Strasbourg,  to  aid  in  the  prosecu- 
tion of  synthetic  experiments,  similar  to  those  of  which  he  has  re- 
cently given  an  accoimt,  and  which  he  has  intimated  his  intention  of 
continuing,  with  the  object  of  throwing  light  upon  metamorphic  ac- 
tion. 

Report  of  the  Library  and  Mtueum  Committee, 

Museum, 

The  Collections  of  Minerals  and  of  Eecent  Shells  have  received  but 
few  additions ;  and  in  the  latter  the  places  of  certain  genera  still  re- 
quire to  be  filled  up. 

The  re-arrangement  and  re-naming  of  the  British  Silurian  col- 
lection has  been  completed  by  Mr.  Salter ;  and  the  specimens  have 
been  furnished  with  new  tablets  and  labels :  they  now  occupy  50 
drawers. 

The  Rev.  T.  Wiltshire  is  proceeding  with  the  arrangement  of  the 
Chalk  Fossils  in  the  Museum.' 

For  specimens  received  since  the  last  Anniversary,  illustrating  the 
geology  of  the  British  Isles,  the  Society  is  indebted  especially  to  A. 
Geikie,  Esq.,  F.G.S.,  J.  Evans,  Esq.,  F.G.S.,  and  the  Rev.  R.  Hunter ; 
and  a  large  collection  of  fossil  bones  from  Shomdiffe,  lately  forwarded 
by  the  War-Department,  is  worthy  of  particular  notice. 

The  Foreign  Collection  has  been  enriched  with  numerous  dona- 
tions, among  which  the  Committee  would  especially  invite  the  atten- 
tion of  the  Society  to  a  valuable  series  of  rock-specimens  from  Meissen, 
and  another  from  the  Yosges  Mountains,  presented  by  the  President : 
the  latter  series,  having  been  carefully  selected  and  named  in  accord- 
ance with  the  descriptions  of  M.  Delosse,  form  an  important  typical 
collection.  They  have  also  to  notice  Mr.  Bennett's  Tiilobitcs  from 
Kewfoundlandy  Mr.  Uallet'a  Yolcamc  products  from  Italyi  and  va- 


JOnXVAL  BXPOBI.  ill 

riouB  foreign  specunens  presented  by  Mr.  Hamilton,  E.G.S.,  the 
Hon.  Mr.  Marsham,  F.G.S.,  Mr.  Pnrdon,  F.G.S.,  and  the  Eer.  S, 
Hislop. 

Besides  the  above,  a  suite  of  Norwegian  rocks  and  minerals,  a  do- 
nation from  His  Excellency  Count  Platen,  and  a  large  collection  of 
fossils  from  Bordeaux  (named  by  M.  Deshayes),  presented  by  Sir 
Charles  Lyell,  deserve  particular  mention. 

A  new  cabinet  has  been  supplied  for  the  use  of  the  Upper  Museum, 
as  recommended  by  the  Special  Museum  Committee. 

Grounding  their  views  on  an  elaborate  and  valuable  catalogue 
prepared  by  Mr.  Homer,  of  all  the  contributions  from  all  countries, 
the  Special  Museum  Committee,  at  their  Meeting  on  the  25th  of  June 
last,  resolved  that  the  arrangement  to  be  adopted  shall  be  geogra- 
phical, sul>ordinate  to  which  the  fossiliferous  specimens  shall  be  in 
Btratigraphical  order,  and  that  the  non -fossiliferous  and  eruptive 
rock-specimens  belonging  to  each  geographical  subdivision  shall 
follow  the  fossiliferous  specimens.  The  Committee  think  it  their 
duty,  in  referring  to  this  subject,  to  call  especial  attention  to  thd 
continuous  labour  and  great  zeal  of  the  President,  who,  in  superin- 
tending the  re- arrangement,  has  given  his  constant  personal  attend- 
ance to  the  details  of  the  business,  and  during  the  past  year  has 
spent  several  hours  of  stated  days  in  every  week  in  actiml  work  in  the 
Museum. 

A  thorough  re-ordering  upon  the  above  plan  has  involved  a  mul- 
tiplicity of  details  in  the  transfer  from  one  cabinet  to  another,  in  the 
rejection  of  useless  specimens,  in  cleaning  and  labelling  specimens  and 
drawers ;  notwithstanding  which,  imder  the  almost  daily  superin- 
tendence of  the  President,  much  has  been  accomplished  in  the  ar- 
rangement of  the  European  collections. 

These  now  occupy  no  less  than  48  cabinets,  containing  336 
drawers ;  and  of  their  contents  a  very  valuable  and  detailed  cata- 
logue has  also  been  formed  by  Mr.  Homer.     They  comprise— 

1st.  The  geographical  arrangement  of  the  countries  of  Europe, 

with  subdivisions  in  some — as  France  and  Germany. 
2nd.  Under  the  head  of  each  country,  an  accoimt  of  the  several 
groups  of  specimens  belonging  to  it,  with  the  names  of 
the  donors. 
3rd.  As  the  object  of  a  geologist  in  examining'our  foreign  col- 
lections may  often  have  reference  to  a  comparison  of  the 
rocks  or  fossils  of  different  districts,  columns  have  been 
prepared  for  references  to  facilitate  such  comparisons. 
Mr.  Homer's  catalogues  are  so  constructed  that  future  contribu- 
tions can  be  at  once  added  under  their  proper  heads.     It  is  to  be 
hoped  that  similar  catalogues  will  accompany  our  collections  from  the 
grand  divisions  of  Asia,  Africa,  North  America,  South  America,  and 
Australia.    But  the  chief  part,  not  only  of  the  European,  but  dso  of 
other  collections,  excepting  some  portion  named  by  Mr.  Homer,  re- 
quire naming,  and  are  on  that  account  defective,  both  rock-sped- 
mens  and  fossils ;  and  to  this  important  subject  the  attention  of  the 
Sodety  is  invited,  in  the  hope  that  some  others  among  the  Fellows, 
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possessed  of  competent  knowledge,  will  come  forward  to  aid  in  en- 
hancing the  usefulness  of  these  valuable  collections. 

With  the  view  of  su^^esting  to  volunteers  the  examination  of  par- 
ticular groups,  as  also  of  reminding  the  Fellows  of  the  variety  and 
extent  of  these  collections,  the  following  list  is  appended  of  several 
series  of  fossils  in  the  European  collections  which  require  naming : — 


Fossils  in  the  Foreign  European  Collections, 


Fomation. 

No.  of 
Dnwen. 

Newer   Pliocene,! 
or  Pleistocene,  j 

Pliocene    

ff 
Miocene    

ff 
^            ff 
Eocene 

Sweden,    Uddevalla,  Opslo,  and  Stromstadt  . 
Lower  JRhine,    Loess,  near  fionn 

3 

1 

2 

1 
1 
2 
8 
2 
12 
2 

6 

4 

13 

4 
2 
2 
1 

18 
1 
1 
1 
2 
8 
2 
3 

1 
1 
1 
3 

4 
6 

13 
3 

1 

Spnin  and  IhrtuffcU.    Gibraltar 

Belgium,    Antwerp 

Eastern  France,    £ones  from  Vesoul   

Spain  and  Portugal,    Lisbon 

SicUyy  MaUa,  and  Gozo,    Palermo,  &c 

Central  France,    Touraine 

Southern  France,    Bordeaux 

Spain  and  Portugal,     Lisbon,  &c. 

Spain  atid  Portugal.    Gibraltar,  Alicant,  Car- 
thagena  and  Mula,  and  Totana  in  the  Pro- 
"vince  of  Murcia    

Spain  and  Portugal.    Granada 

SicUyf  Malta,  and  Gozo.    Malta  and  Gozo  . . 

Belgium,     Brussels,  Kunroot,  Fauquemont, 

Limburg   

ff 
ff 
ff 
ff 
ff 
ff 

ff 
ff 
fy 
ff 

ff 
Tertiary,  imdeterm. 

ff 

ff 
ff 

ff 
ff 

Lower  Rhine,     Brown-coal,  near  Bonn   .... 
Northern  France,     Cassel 

Western  France,     Ilauteville,  Dep.  Manche  . 
Central  France,    Paris  Basin    

Central  France.    Bones  from  Auvergne  .... 
Southern  France,    Biaritz 

Spain  and  Portugal,     Murcia,  &c 

Northern  Italy,     Monte  Bolca  

Alpine  Country,     Glanis,  Seefeld 

Alpine  Country,    Ilarino^   

JJ^&ttern  Germany.     Mavcnce    

Austria,    Santa  Margarita,  Neusiedel,  Kron- 
bach,  &c 

Hungary.     Buda 

Turkey  in  Europe.     Moldavia    

Southern  France,    Aix  in  Provence      

Spain  and  Portugal,    Malaga,  Catalonia,  and 
Lisbon   

Sicily f  Malt^,  and  Gozo,    Sicily    

Northern  Italy,     Piacenza,  Turin,  Bassano, 

Asolo  and  Pessagno,  Tuscany,  and  Piedmont 

Southern  Italy,    Antium,  Rome,  Agnano    . . 

Alpine  CoutUry    
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Fosgils  in  the  Foreign  European  Collections  (continued). 


No.  of 
Dnwen. 

Tertiary,  undeterm. 
tf 

it 

Cretaceous    

if 

if 

if 
if 
a 

if 

if 

a 

Wealden" 

JurasBic  (including 

Liassic). 

a 

a 

if 

a 

a 
if 
ff 

Xriaffiic 

Western  Germany.    Wetterau,  Mayence    . . 
Turkey  in  Europe,     Bulgaria     

6 

1 
2 
3 

1 
1 
8 

9 

3 
2 

4 

4 

1 

1 
1 
1 

1 

1 

4 
1 

4 

3 

3 

16 

1 
2 
2 
1 
2 
2 
1 
1 
1 
1 
I 
1 
1 
1 
3 
2 
1 
23 

Grecian  Archipelago,     Candia,  Eubcea     . . , . 

Southern  Russia,    Volliyiiia,  Crimea    

Austria,    Vienna 

Denmark,    Isle  of  Faxoe    

HoUancL    Maestriclit  and  Aix-la-Chapelle. . 

Belgium,       Toumay,    Louisberg,    Kunroot, 
Montigny,    Ciply,    Konigsberg,    Fauque- 
mont,  Schneehierg,  &c 

Western  France.     Charante,  Normandy,  Cap 
leH^ve 

Central  France.    Meudon,  Seine  et  Oise 

Spain  and  Portugal,    Lisbon,  Leira,  Portugal 
Alpine  Country.      Mont  de  Fis,  Neucliatel, 

Northern   Germany.     Essen,   Rheten,    near 
lianoyer,  near  Goslar,  &c 

Central  Germany,     Dresden 

J\irkey  in  Europe,     Bulgaria     

SoutJiem  Russia.     Volhvnia 

Northern  Germany,       Buckerberg,  Oberkir- 
chen,  Stamn)ftTi . , , ,  ^  -  ^ » r  -  - , ,  r . , . , » . . . » r 

Northern  France.    Boulonnais 

Western  France,    Normandy    

Eastern  France.    Besan9on    

Eastern  France.      Haute  Saone,  Sultz-les- 
Bains 

Spain  and  Portugal.      Granada,  New  Castile, 
&c 

Aloine  Countru.     Switzerland    

Southern  Germany,     Bavaria     

Southern  Germany,     Aalen  in  WUrtemberg  . 

Southern  Germany,     Mohringen,  &c 

Eastern  France,     Sultz-lcs-Bains 

f* 

a 

if 

Secondary,  undet . . 

a 
a 
ti 
Si 

if 

n 

CarboniferouB    .... 

ff 
n 

Central  Germanv.     Thuriniria   .  . .  ; 

SindJiern  Germany,    Mohnngen,  &c 

SoutJiem  Germany.     Stuttg«A,  Baden 

Austria.    Vienna 

Turkrii  in  Eurtme.     Dobnitclia 

Northern  Itahi.     Tuscanv 

Sintdhprn  Itahi     Near  Nanles    

Sotdhern  Russia.     Crimea 

Alniii^  dnurtlru.     Seefeld    

Northern  Germany.     Klein  Neundorf 

Tf^fi>jtfj»m  Gprmanv.     Wetterau 

Central  Germany.    Mansfeld,  Roseneck 

Skfilsberaen         

Hflniufn      Toumav 

Lower  Rhine.    Rhenish  Provinces   

Fossils  in  the  Foreign  European  Collections  (continued). 


Formation. 


No.  of 
Drawen. 


Carboniferous 


DeYonian 


Silurian. 


Palaeozoic . 


Miscellaneous 


Northern  France.    Boulonnais 

Spain  and  Portugal.     Serra  de  Bussaco    . . 
Northern  Germany,  Westphalia,  Harzgebirge 

Northern  Russia 

Lower  Rhine.    Rhenish  Provinces    

Northern  France.    Boulonnais 

Northern  Germany,    Westphalia 

Western  Germany.    Dillenoerg  and  Wissen 

bach 

Sweden.    KinnekuUe,  Gothland    

Norway.    Christiania,  Malmoe,  &c 

Lower  Rhine.    Rhenish  Provinces    

Western  France.    Normandy    

CetUral  France.    Anglers    

Spain  and  BortugaL    Oporto  and  Bussaco  . 

Sardinia    

Northern  Germany.    ITarzgerode 

Northern  Gennany.    Wissenbach     

Eastern  Germany,    Bohemia    

Northern  Russia,    Volhynia 

Northern  Italy.    Tuscany 

Southern  Rtissia.    Crimea 

Central  France.    Auvergne    

Alpine  Country.    Tyrol 

Grecian  Archipelago    

Southern  Russia    


1 
1 
2 
3 
23 
1 
1 

6 

5 

5 

23 


Library, 

Many  new  books  and  pamphlets  have  been  acquired  during  the 
past  year,  both  by  gift  and  purchase.  For  the  latter  purpose  £100 
of  the  Greenough  and  Brown  Bequest-fund  were  expended  on  various 
works,  with  which  it  was  deemed  desirable  to  enrich  the  Library. 
Among  them  may  be  cited  Hamilton's  *  Campi  Phlognci ; '  Walters- 
hausen's  *-^tna'  and  *  Island ;'  Quenstedt's  *  Cephalopoden,'  *  Jura,' 
and  *  Handbuch ;'  Eichwald's  'Lethaea  Rossica ;'  Junghuhn's  *  Java;' 
Kaup's  *  Urweltliche  Saugothiere;'  Gervais's  *  Paleontologie  Fran- 
^aise  ;'  Heer's  *  Tertiar-Flora  der  Schweiz ;'  and  D' Alton  and  Bur- 
meister's  *  Gaviale'. 

Many  of  the  books  and  pamphlets  have  been  bound,  and  with  the 
periodicals  have  been  placed  partly  in  the  old,  and  partly  in  the  new 
library-cases,  which  have  b^n  added  in  accordance  with  the  recom- 
mendation of  the  library  Conmiittee  of  last  year. 

A  new  alphabetical  Supplemental  Catalogue  has  been  published, 
comprising  nearly  3000  titles  of  books,  pamphlets,  and  maps  received 
in  the  yean  1856-59,  induding  those  bequeathed  by  Mr.  Greenough. 
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A  copy  of  this  Catalogue  has  been  pasted  in  the  leaves  of  the  refer- 
ence-catalogue in  the  Library,  and  the  press-marks  attached.  Other 
additions  to  the  reference-catalogue  have  also  been  made,  including 
an  alphabetical  list  of  periodicals.  There  being  now  three  separate 
printed  catalogues  (1846,  1856,  1860),  and  three  separate  alphabet- 
ical lists  in  the  Catalogue  of  Eeference,  it  is  desirable  that  the  whole 
should  be  incorporated  into  one  alphabetical  catalogue  for  reference. 
Nearly  400  titles  of  books  and  pamphlets  received  or  purchased  during 
1860  have  been  entered  into  an  additional  catalogue  in  MS.  The 
Maps  have  been  lately  re-arranged,  and  a  reference-catalogue  com- 
pleted to  the  end  of  1859.  The  contents  of  the  portfolios  of  Sections, 
biagrams.  Views,  <fec.,  have  also  been  supervised,  and  catalogued  in 
MS. 

The  Assistant-Secretary  reports  that  he  has  received  much  and 
well-sustained  assistance,  chiefly  in  the  Museum,  and  in  preparing 
diagrams  for  the  Evening  Meetings,  from  Mr.  Jenkins  and  Mr. 
Stair. 

W.  J.  HAMILTON, 
J.  PKESTWICH, 
J.  MORRIS, 
W.  W.  SMYTH. 


C<mparaHve  Statement  of  the  Number  of  the  Society  at  the  close  of  the 
years  1859  and  1860. 

Dec.  31, 1859.  Dec,  31, 1860. 

Compounders 120         119 

Residents    200         214 

Non-rodents    52i         6^1 

844  864 

Honorary  Members    10  5 

Foreign  Members  . . . .  50  50 

Personages  of  Royal  Blood. .  3—63  3—58 

907  922 


TIU 
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General  Statement  eccplanatory  of  the  Alteration  in  the  Number  oj 
Fellows,  Honorary  Members,  ^*c.  at  the  close  of  the  years  1859 
and  1860. 

Number  of  Compoimders,  Besidents^  and  Non-residents, 

December  31, 1859    844 


Add  Fellows  elected  during  former 

years,  and  paid  in  1860   . . 

Fellows  elected  and  paid  in 

1860 


Eesidents 2 

'  Non-residents  .  2 —  4 
Eesidents....   14 
Non-residents  21 — 35 


39 


Deduct  Compounders  deceased 1 

Eesidents  „       2 

Non-residents      ,,       16 


Total  number  of  Fellows,  Dec.  Slst,  1860,  as  above 


883 

19 
864 


Number  of  Honorary  Members,  Foreign  Members,  and  1 

Personages  of  Eoyal  Blood,  Dec.  31st,  1859  . .  J 

Add  Foreign  Member  elected  during  1860 


Deduct  Foreign  Member  deceased     1 


Honoraiy  Members 


As  above. 


63 
1 

64 

6 
68 


Numier  ofFMows  liable  to  Annual  Contribution,  as  Residents,  at  the 
dose  of  1860,  witih  the  alterations  during  the  year. 

Number  at  the  dose  of  1859 200 

Add  Elected  in  former  years,  and  paid  in  1860 2 

Elected  and  paid  in  1860    14 

Non-residento  who  became  Eesident 11 

27 


Deduct  Deceased 2 

Became  Non-resident 11 


As  above. 


227 

13 
214 
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IX 


H.  G.  Bowen,  Esq. 


DscEASED  Fellows. 

Compounders  (1). 
Earl  Cawdor. 

Eesidents  (2). 

I      Sir  Charles  Fellows. 

Non-residents  (16). 


W.  Anstice,  Esq. 

W.  AtJdnson,  Esq. 

Dr.  G.  Buist. 

Iieut.-Gen.  Sir  H.  E.  Bunbury, 

Bart. 
Sir  A.  Caldclengh. 
J.  Craig,  Esq. 
Dr.  J.  G.  Croker. 
K.  DaweSy  Esq. 


F.  Downing,  Esq. 
K.  G.  Eillaby,  Esq. 
F.  Looney,  Esq. 
P.  J.  Martin,  Esq. 
B^v.  Baden  Powell. 
Earl  of  Tyrconnel- 
Rev.  R.  N.  Wallace. 
W.  Wills,  Esq. 


Dr.  Emerson. 
G.  Hill,  Esq. 


Foreign  Members  (1). 
Prof.  J.  F.  L.  Hausmann. 

Honorary  Members  (5). 

I  Dr.  Hincks. 

I  C.  Keogh^  Esq. 

Dr.  C.  Skene. 


ThefoUowing  Persons  were  elected  Fellows  during  the  year  1860. 

January  4th. — Stephen  Harlowe  Harlowe,  Esq.,  2  North  Bank,  St. 
John's  Wood ;  the  Rev.  S.  W.  King,  Saxlingham  Rectory,  near 
Norwich ;  and  David  liewellin,  Esq.,  C.E.,  Glyn  Neath,  Glamor- 
ganshire. 

18th. — James  Poyntz  McDonald^  Esq.,  Kingsdown  Parade, 

Bristol;  William  Pardon,  Esq.,  C.E.,  Punj&b;  and  James  Winter, 
M.D.,  Hampstead. 

February  1st. — ^Thomas  Pease,  Esq.,  Westbuiy,  Gloucesterahire. 

29th.— William  Smith,  Esq.,  C.E.,  Salisbury  Street,  Adelphi; 

and  C.  A.  Sanceau,  Esq.,  F.C.S.,  Blackpool,  Lancashire. 

March  14th.— The  Rev.  T.  G.  Bonney,  M.A.,  Fellow  of  St.  John's 
Collie,  Cambridge;  and  the  Rev.  Henry  Eley,  M.A.,  Broomfield 
Vicarage,  Chelmsford. 

28th.— His  Grace  the  Duke  of  Marlborough ;  and  W.  P.  Jer- 

vis,  Esq.,  Northwick  Terrace,  Maida  Hill. 

April  18th.— Edward  Brainerd  Webb,  Esq.,  C.E.,  34  Great  George 
Street,  Westminster;  Spencer  Herapath,  19  Sheffield  Terrace, 
Kensington ;  and  Owen  Bowen^  Esq.,  4  Great  Queen  Street,  West^ 
minster. 
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May  leth.— Frederick  WoUaston  Hutton,  Esq.,  Lieut.  23rd  R.  W. 
Fusileers,  Royal  Staff  College,  Sandhurst;  John  James  Lundy, 
Esq.,  Primrose  Bank,  Leith ;  R.  Fanner,  Esq.,  the  Hill,  Homsey ; 
William  Drury  Lowe,  Esq.,  Locko  Park,  Derby ;  Arthur  Beevor 
Wynne,  Esq.,  of  the  Geological  Survey  of  Ireland ;  and  James 
Wyatt,  Esq.,  Bedford. 

30th. — Mark  Fryar,  Esq.,  Lecturer  on  Mining,  &c.,  at  the 

Andersonian  University,  Glasgow;  and  Francis  Duncan,  Esq., 
Lieut.  R.A.,  Halifax. 

June  13th. — George  Angus,  Esq.,  3  Harcourt  Buildings,  Inner 
Temple  ;  Herbert  T.  James,  Esq.,  Drumkeeran,  Co.  Leitrim ;  and 
Henry  Ward,  Esq.,  the  Oaklands,  Wolverhampton. 

November  7th. — William  T.  Blanford,  Esq.,  of  the  Geological  Survey 
of  India ;  the  Rev.  Thomas  Bigsby  Chamberlin,  Kirton  in  Lind- 
say, Lincolnshire ;  James  Sparrow,  Esq.,  Cymmau  Hall,  near 
Wrexham ;  and  Richard  Fort,  Esq.,  Read  Hall,  Whalley,  Lan- 
cashire. 

2l8t. — Major  Robert  Jones  Garden,  63  Montagu  Square ;  and 

lieut.  Robert  Home,  R.E.,  Royal  Staff  College,  Sandhurst. 

December  6th. — William  Salmon,  Esq.,  Ulverstoke,  Lancashire ; 
Peter  Higson,  Esq.,  one  of  H.  M.  Inspectors  of  Coal-mines, 
Broughton,  near  Manchester ;  John  Spencer,  Esq.,  Bowood,  Wilts ; 
Alexander  R.  Binnie,  Esq.,  C.E.,  7  Upper  Lansdowne  Terrace ; 
George  James  Eustace,  Esq.,  Arundel  House,  Brighton ;  F.  D.  P. 
Dukinfield  Astley,  Esq.,  Dukinfield,  Cheshire,  Arisaig,  W.B.,  and 
67  Eaton  Square ;  and  Thomas  Baxter,  Esq.,  Cathedral  School, 
Worcester. 

19th.— The  Rev.  A.  Deck,  of  the  Royal  Military  College,  Sand- 
hurst; Charles  Rooke,  Esq.,  Scarborough ;  and  the  Rev.  William 
Lister^  Bushbury  Vicarage,  Wolverhampton. 

The  following  Personage  was  elected  a  Foreign  Member, 
H.  H.  Milne-Edwards,  Jardin  des  Plantes,  Paris. 

The  following  Donations  to  the  Museitk  have  been  received  since  the 
last  Anniversary. 

British  Specimens, 

A  series  of  thirty-siz  specimens  of  trappean  rocks  from  Arthur's 
Seat,  Edinburgh ;  presented  by  A.  Geikie,  Esq.,  F.G.S. 

Specimens  of  peat  and  shells  from  Stirlingshire ;  presented  by  the 
Earl  of  Selkirk,  F.G.S. 

A  series  of  plaster-casts  of  CystidesB ;  presented  by  J.  Mushen,  Esq. 

Specimens  of  fossil- wood  from  Wobom ;  presented  by  John  Evans, 
Esq.,  F.G.S. 

Specimens  of  pseudomorphs  of  salt  in  Eeuper  Sandstone,  from  Deer- 
hurst  ;  presented  by  T.  R.  Jones,  Esq.,  F.G.S. 

Skull  of  Cat  in  stalagmite,  from  a  bone-care  in  S.  Devon ;  presented 
by  C.  Babbage,  Esq.,  F.R.S. 
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Spedmens  of  Corals  from  the  lias ;  presented  bj  the  Eev.  P.  B. 

Brodie. 
8pedmeiis  of  Fossil  Ferns  from  Wyre  Forest  Coal-field ;  presented 

by  Mr.  George  E.  Roberts. 
Slab  of  Old  Bed  Sandstone  from  Mill  of  Ash ;  presented  by  the  Bev. 

J.  Hunter. 
Specimens  of  Wealden  Unios  from  Tunbridge  Wells ;  presented  by 

W.  J.  Hamilton,  Esq.,  For.  Sec,  G.  S. 
A  Collection  of  fossil  Mammalian  Bones  from  Folkestone  ;  from  the 

War-Department,  through  Capt.  G.  H.  Gordon,  R.E.,  Shomcliffe. 


Foreign  Specimens, 

Specimens  of  Hollow  Pebbles  from  the  Leitha-Kalk ;  a  suite  of  156 
rock-specimens  illustrative  of  the  geology  of  the  Vosges  Moun- 
tains ;  and  specimens  of  Porphyries  and  Pitchstones  from  Meissen ; 
presented  by  Leonard  Homer,  Esq.,  Pres.  G.S. 

Specimens  of  Paradozides  Bennettii,  from  Newfoundland ;  presented 
by  —  Bennett,  Esq. 

Specimens  of  Nemertitee  Strozzii  from  Tuscany,  and  some  Carboni« 
ferous  fossils;  also  a  series  of  Tertiary  foeadls  from  Bordeaux; 
presented  by  Sir  C.  LyeU,  V.P.G.S. 

A  suite  of  Volcanic  Eocks  from  Italy ;  presented  by  E.  Mallet,  Esq., 
F.G.S. 

Specimens  of  Eocks  from  Tuscany  ;  Devonian  fossils  from  the  Bos- 
phorus ;  Agate-specimens  from  Oberstein ;  and  specimens  of  Opal 
from  Konigswinter ;  presented  by  W.  J.  Hamilton,  Esq.,  For. 
Sec.  G.S. 

Specimens  of  nodules  with  Fish-remains  from  Brazil ;  presented  by 
the  Hon.  E.  Marsham,  F.G.S. 

Specimens  of  Carboniferous  fossils  from  the  Punj4b ;  presented  by 
W.  Purdon,  Esq.,  F.G.S. 

Specimens  of  Mya  arenaria,  from  Nieue  Deep,  Holland ;  presented 
by  J.  G.  Jeffreys,  Esq.,  F.E.S. 

Slab  of  flexible  Sandstone,  from  Namoul,  India ;  presented  by  C. 
Gubbins,  Esq. 

A  series  of  eighty- five  specimens  of  rocks,  minerals,  and  ores,  from 
Sweden  and  Norway ;  presented  by  His  Excellency  Coimt  Platen, 
Swedish  Ambassador. 

Specimens  of  Coal  from  Sah-Koh,  Persia,  collected  by  Mr.  Mackenzie, 
H.M.  Consul  for  Gilan ;  from  the  Foreign  Office,  by  order  of  Lord 
John  Eussell. 

Specimens  of  fossils,  coprelites,  and  bones  from  Nagpur,  India ;  pre- 
sented hj  the  Eev.  8.  Hislop. 

Specimen  of  silieified  wood  from  the  Banda  Oriental ;  presented  by 
J.  P.  Homes,  Esq. 


zu 
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Chabts  Ain)  Maps  peesented. 

Sheet  32  (Scotland)  of  the  Geological  Survey  of  Great  Britain; 
Sheets  101-112,  119-121,  128-205  (Ireland)  of  the  Geological 
Survey  of  Great  Britain ;  Sheet  12  (England) ;  Sheets  107,  108, 
six-inch,  of  Lancashire ;  and  Xos.  2,  3,  4,  and  5,  Horizontal  Sec- 
tions (England)  of  the  Geological  Survey  of  Great  Britain ;  pre- 
sented hy  the  Director-General  of  the  Survey. 

Eisenhahn-Karte  von  Deutechland,  und  den  angrcnzenden  liin- 
dem,  hearbeitet  von  Dr.  B^den  und  E.  von  Sydow ;  presented  by 
Leonard  Homer,  Esq.,  Pres.  G.  S. 

Carte  Geologique  et  Coupes  Geologiques  de  la  partie  de  Sud  d'Ural 
Montagues,  composee  par  MM.  Meglitzky  et  Antipoff ;  presented 
by  the  authors. 

Sheet  No.  1  (Melbourne)  of  the  Geological  Survey  of  Victoria ;  pre- 
sented by  that  Survey. 


Drawings,  ^c,  presented. 

A  coloured  print  of  H.  B.  de  Saussure,  and  three  of  Glacier-travelling ; 
presented  by  T.  J.  Laing,  Esq.,  F.G.S. 

A  drawing  of  Coelorhynchus  rectus,  and  of  Pristis  Lathami ;  pre- 
sented by  Leonard  Homer,  Esq.,  Pres.  G.  S. 

Two  engravings  of  Flint- weapons  found  at  Hoxne  in  Suffolk ;  pre- 
sented by  John  Evans,  Esq.,  F.G.S. 


The  following  Lists  contain  the  Names  of  the  Persons  and  Public 
Bodies  from  whom  Donations  to  the  Library  and  Museum  have  been 
received  since  the  last  Anniversary,  February  17, 1860. 

I.  list  of  Societies  and  Public  Bodies  from  whom  the  Society  has 
received  Donations  of  Books  since  the  last  Anniversary  Meeting. 

Auckland.  New  Zealand  Govern- 
ment. 


Basel,  Natural  History  Society  of. 
Berlin,  Geographical  Society  of. 
,  German  Geological  Society 

at. 
,  Royal  Academy  of  Sciences 

at. 
Berwick.  Naturalist's  Field  Club. 
Boston  (U.  S.),  Natural  History 

Society  of. 
Bordeaux,  Societe  Linndenne  de. 
British  Government. 
Brussels.  L' Academic  Eoyale  des 

Sciences. 


Caen.  Societe  Linnn^nne  de 
Normandie. 

Calcutta.  Geological  Survey  of 
India. 

.     Bengal  Asiatic  Society. 

Cambridge  (Mass.).  American 
Academy  of  Arts  and  Sciences. 

Canadian  Government. 

Cassel.  Natural  History  Society 
of  Upper  Hesse. 

Cherbourg,  Societe  des  Sciences 
Naturelles  de. 

Copenhagen.  Royal  Danish  Aca- 
demy of  Sciences. 

Cornwall.  Royal  Cornwall  Poly- 
technic Society. 
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Cornwall,  Boyal  Geological  Soci- 
ety of. 
,  Eoyal  Institntioii  of. 

Darmstadt.  Geological  Society  of 
the  Middle  Rhine. 

,  Geographical  Society  of. 

Bahlin,  Geological  Society  of. 
,  Royal  Wsh  Academy  at. 

Edinburgh,  Royal  Society  of. 
,  Royal  Physical  Society  of. 

Frankfiirt,  Senckenberg  Natural 

History  Society  of. 
(Kentucky).      Geological 

Survey  of  Kentucky. 

Geneva.    La  Soci^t^  de  Physique 

et  d'Histoire. 
Glasgow  Greological  Society, 

Halle,  Societyof  Natural  Sciences 
of. 

,  Saxon  and  Thuringian  Na- 
tural Society  in. 

Hanau.  Natiural  History  Society 
of  the  Wetterau. 

Heidelberg,  Natural  History  So- 
ciety of. 

Hobart  Town.  Royal  Society  of 
Tasmania. 

India,  Secretary  of  State  for. 
Iowa,  Geological  Survey  of. 
,  Government  of. 

Kentucky,  Geological  Survey  of. 

Lausanne.  Society  YaudoiBe  des 
Sciences  Naturelles. 

Leeds,  Philosophical  Society  of. 

Li^,  La  Societe  Royale  de. 

Lisbon,  Royal  Academy  of. 

Liverpool.  Lancashire  and  Che- 
shire Historical  Society. 

,  Philosophical  Society  of. 

London.  Geological  Survey  of 
Great  Britain  and  Ireland. 

— y  Rojral  Astronomical  Society 
qL 


London.  Royal  Asiatic  Society  of 
Great  Britain. 

,  Art  Union  of. 

.     British  Association. 

,  Chemical  Society  of. 

.    College  of  Surgeons   of 

England. 

.   College  of  Physicians  of 

England. 

.  Royal  Geographical  Society, 

.    Geologists'  Association. 

,  Royal  Horticultural  Soci- 
ety of. 

.    Institute  of  Actuaries  of 

Great  Britain  and  Ireland. 

.  Institute  of  CivilEngineers. 

.     International  Statistical 

Congress. 

,  Linnaean  Society  of. 

,  Mendicity  Society  of. 

,  Meteorological  Society  of. 

,  Microscopical  Society  of. 

,  Photographic  Society  of. 

,  Royal  Society  of. 

.  Royal  Institution  of  Great 

Britain. 

.    Ray  Society. 

.  Societyforthe  Encourage- 
ment of  the  Arts. 

,  Statistical  Society  of. 

,  Zoological  Society  of. 

.    International  Association 

for  obtaining  a  uniform  Decimal 
System  of  Measures,  Weights, 
and  Coins. 

Lyons,  les  Commissionnaires  Hy- 
drometriques  de. 

Madrid,  Academy  of  Sciences  of. 

Manchester,  Literary  Society  of. 

Melbourne.  Royal  Society  of  Vic- 
toria. 

.  Geological  Survey  of  Au- 
stralia. 

,  Government  of. 

Milan,  Imperial  Institute  of. 

Montreal,  Natural  History  So- 
ciety of. 

Moscow,  Imperial  Academy  of 
Naturalists  of. 


JXY 


JLNVITSIUULBT  KJEBUSGt. 


Munich,  AcadeiQy  of  Sciences  of. 

Neuchatel,  la  Soci^t^  des  Sciences 
Naturelles  de. 

New  Haven  (tJ.  S.).  Editor  of 
American  Journal  of  Science. 

Now  York, Geographical  and  Sta- 
tistical Society  of. 

,  State  Library  of. 

New  Zealand  Government. 

.Offenbach,  Natural  History  So- 
ciety of. 
Ohio,  Board  of  Agriculture  of. 

Paris,  TAcademie  des  Sciences  de. 

,  Depot  Gen^rale  d'Annales 

des  Sciences  Naturelles  k. 

.     L'Ecole  des  Mines. 

.    Museum  d'Histoire  Natu- 

relle. 

Pesth,  Academy  of  Sciences  of. 

Philadelphia,  Academy  of  Natu- 
ral Sciences  of. 

.    American    Philosophical 

Society. 

.    American  Association  for 

the  Advancement  of  Science. 

.  Franklinlnstituteof  Penn- 


sylvania. 
Puy-en-Telay,  la  Society  d' Agri- 
culture et  Sciences  du. 

St.  Louis,  Academy  of. 


Stockholm,  Academy  of. 

St.  Petersburg,  Lnperial  Aca- 
demy of. 

,  Mineralogical  Society  of. 

Strasburg.  Museum  d'Histoire 
Naturelle. 

Stuttgart.  Fatherland  Natural 
History  SocietyofWurtemberg. 

Somersetshire,  Archajological  and 
Natural  History  Society  of. 

Toronto  (Government  of  Canada), 

Public  Library  of. 
Turin,  Academy  of  Sciences  at. 
Tyneside  Naturalists*  Field-club. 

Vienna,  Geological  Listitute  of. 
,  Imperial  Academy  of. 

United  States,  Government  of. 

Washington.     Patent  Office. 

.  United  States  War  Depart- 
ment. 

.    Smithsonian  Institution. 

W^iesbaden.  Natural  History  So- 
ciety of  the  Grand  Duchy  of 
Nassau. 

Yorkshire,  Philosophical  Society 
of. 

(South).  Viewers'  Associa- 
tion. 


II.  list  conti^ining  the  names  of  the  Persons  and  Public  Bodies  from 
whom  Donations  to  the  Library  and  Museum  have  been  received 
since  the  last  Anniversary. 


Adh^mar,  M.  G. 

American  Journal  of  Science  and 

Art,  Editor  of  the. 
Anca,  Baron. 

Ansted,  Prof.  D.  T.,  F.G.S. 
Antipoff,  M. 
Athenseum  Journal,  Editor  of  the. 

Babbage,  C,  Esq. 
Bache,  Prof.  A.  D. 


Barrande,  M.  J.,  For.M.G.S. 

Bennett,  —  Esq. 

Bergh,  H.,  Esq. 

Binney,  E.  W.,  Esq.,  F.G.S. 

BlackwaU,  J.,  Esq. 

Bland,  T.,  Esq.,  F.G.S. 

Botfield,  T.,  Esq.,  M.P.,  F.G.S. 

Bouquet,  M. 

British  Goveixunent. 


ANNUAL  BEPOBT*  XVU 

1860. 

May  2nd. — On  the  Physical  Relations  of  the  Elgin  Sandstones,  by  the 
Rev.  W.  S.  Symonds,  F.G.S. 

On  two  newly  discovered  Bone-caves  in  Sicily;  a 

letter  from  Baron  Anca  to  Dr.  Falconer,  F.G.S. 

May  16th. — An  outline  of  the  Geology  of  Venezuela  and  Trinidad, 
by  G.  P.  Wall,  Esq. ;  communicated  by  Sir  R.  I.  Murohison, 
V.P.G.S. 

On  the  Co-existence  of  Man  with  certain  Extinct 

Quadrupeds,  by  M.  E.  Lart^t,  For.M.G.S. 

May  30th. — On  certain  Rocks  of  Miocene  Age  in  Tuscany,  by  W.  P. 
Jervis,  Esq.,  F.G.S. 

• On  the  Ossiferous  Caves  of  Gower,  Glamoi^ganshire, 

by  Hugh  Falconer,  M.D.,  F.G.S. 

June  13th. — On  the  Bone-caves  of  Gower,  Glamorganshire  (in  con- 
tinuation), by  Hugh  Falconer,  M.D.,  F.G.S. ;  with  an  Appendix 
by  Joseph  Prestwich,  Esq.,  Treas.  G.S.,  on  the  Raised  Beach  of 
Mewslade  Bay,  and  the  Existence  of  Boulder-day  in  Cefn-y-bryn. 

On  the  occurrence  of  Crag-shells  beneath  the  Boulder- 
day  of  Aberdeenshire,  by  T.  F.  Jamieson,  Esq. ;  communicated  by 
Sir  R.  I.  Murchison,  V.P.G.S. 

On  some  small  Fossil  Yertebr®  from  near  Frome,  in 


Somerset,  by  Professor  Owen,  F.G.S. 

November  7th. — On  the  Denudation  of  Soft  Strata,  by  the  Rev.  0. 
Fisher,  F.G.S. 

* On  an  undescribed  Fossil  Fern  from  the  Lower  Coal- 
measures  of  Nova  Scotia,  by  Dr.  J.  W.  Dawson,  F.G.S. 

On  the  Sections  of  Strata  exposed  in  the  Excavations 


of  the  South  High-level  Sewer  at  Peckham  and  Dulwich,  with 
Notices  of  the  Fossils  found  there,  by  C.  Rickman,  Esq, ;  commu- 
nicated by  the  Assistant-Secretary. 

U^ovember  21st. — On  the  Geology  of  Bolivia  and  Southern  Peru,  by 
David  Forbes,  Esq.,  F.G.S.;  with  Notices  of  the  Fossils,  by  Prof. 
Huxley,  Sec.  G.S.,  and  J.  W.  Saltwr,  Esq.,  F.G.S. 

December  5th. — On  the  Stracture  of  N.  W.  Highlands,  and  the  Rela- 
tions of  the  Gneiss,  Red  Sandstone,  and  Quartzites  of  Sutherland 
and  Ross- shire,  by  Prof.  James  Nicol,  F.G.S. 

Decemberl9th. — On  the  Geological  Structure  of  the  S.W.  Highlands 
of  Scotland,  by  T.  F.  Jamieson,  Esq. ;  communicated  by  Sir  R.  I. 
Murchison,  V.P.G.S. 

• On  the  Position  of  the  Beds  of  the  Old  Red  Sandstone 

developed  in  the  counties  of  Forfar  and  Kincardine,  by  the  Rev. 
Hugh  Mitchell ;  communicated  by  the  Secretary. 

1861. 

January  9th. — On  the  Stratigraphical  Position  of  certain  liassic 
Corals,  by  the  Rev.  P.  B.  Brodie,  F.G.S. 

On  the  Malvern  and  Ledbury  Tunnels  on  the  Wor- 
cester and  Hereford  branch  of  the  West  Midland  Railway,  by  the 
Bev.  W.  8.  Symonds,  F.G.S.,  and  A.  Lambert,  Esq. 

Januaiy  22nd.— On  the  "  Chalk-rock  "  lying  between  the  Lower  and 
Upper  Chalk  of  WUts,  Berks,  &c.,  by  W.  Whitaker,  Esq.,  F.G.B. 
TOL,  xvn.  i 
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1861. 

JanuaiT  22nd. — On  the  gravel  and  boulders  of  the  Punj4b,  by  J.  D. 

Bmithe,  Esq. 

OnPUratpi8l)unen8U(PalaMteuthuIhmen9is,  Roemer), 

.    by  Prof.  Huxley,  Sec.  G.8. 

JFebmary  6th.-r-0n  the  Altered  Bocks  of  the  Western  and  Central 

Highlands  of  Scotland,  by  Sir  R.  I.  Murchison,  V.P.G.S.,  and  A. 

Oeikie,  Esq.,  E.G.S. 

.    After  the  Reparts  had  been  read  it  was  resolved, — 

That  they  be  received  and  entered  on  the  minutes  of  the  Meeting ; 
imd  that  such  parts  of  them  as  the  Council  shall  think  fit  be  printed 
and  distributed  among  the  Fellows. 

It  was  afterwards  resolved, — 

1.  That  the  thanks  of  the  Society  be  given  to  Sir  C.  Lyell  and 
Jfajor-General  Portlock,  retiring  from  the  office  of  Vice-President. 
.    2.  That  the  thanks  of  the  Society  be  given  to  Sir  P.  G.  Egerton, 
Bart.,  R.  Godwin-Austen,  Esq.,  W,  Hopkins,  Esq.,  and  J.  C.  Moore, 
Esq.,  retiring  from  the  Council. 

After  the  Balloting-glasscs  had  been  duly  closed,  and  the  lists 
e3(amined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
tp  have  been  duly  elected  as  the  Officers  and  Council  for  the  ensuing 
year: — 


OFFICERS. 


PSESIDENT, 
Leonard  Homer,  Esq.,  F.R.S.  L.  <fe  E. 

VICE-PRESIDENTS, 
Prof.  John  Morris. 

Sir  R.  I.  Murchison,  G.C.St.S.,  F.R.S.  &  L.S. 
Prof.  John  PhiUips,  M.A.,  LL.D. 
G.  P.  Scrope,  Esq.,  M.P.,  F.R.S. 

SECRETARIES. 
Prof.  T.  H.  Huxley,  F.R.8.  &  L.S. 
Warington  W.  Smyth,  Esq.,  M.A.,  F.R.S. 

FOREIGN  SECRETARY, 
T^^lliam  John  Hamilton,  Esq.,  F.R.S. 

TREASURER. 
Joseph  Prestwich,  Esq.,  F.R.S. 


AirXUAL  BEPOET. 
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COUNCIL. 


John  J.  Bigsby,  M.D. 

Sir    Charles     Bunbnry,    Bart., 

F.R.S.  &  L.S. 
Earl    of    Ennifikillen,    D.C.L., 

F.R.S. 
William  John  Hamilton,  Esq., 

F.R.8. 
Joseph  D.  Hooker,  M.D.,  F.R.S. 

&L.S. 
Leonard  Homer,   Esq.,   F.R.S. 

Prof.  T.  H.  Huxley,  F.R.S. 
John  Lubbock,  Esq.,  F.R.S.  & 

L.S. 
Sir  Charles  Lyell,  F.R.S.  &  L.S. 
Edward  Meryon,  M.D. 
Prof.  W.  H.  Miller,  M.A.,  F.R.S. 


Prof.  John  Morris. 

Sir  R.  I.  Murchison,  G.C.St.S., 

F.R.S.  &  L.S. 
Robert  W.  Myhie,  Esq. 
Prof.  John  Phillips,  M.A.,  F.R.S. 
Major-General  Portlock,  LL.D., 

F.R.8. 
Joseph  Prestwich,  Esq.,  F.R.S. 
G.  P.  Scrope,  Esq.,  M.P.,  F.R.S. 
WaringtonW.  Smyth,  Esq.,  M.A4, 

F.R.S. 
Thomas   Sopwith,    Esq.,  M.A., 

F.R.S. 
Alfred  Tylor,  Esq.,  F.L.8. 
Rev.  Thomas  Wiltshire,  M.A. 
S.  P.  Woodward,  Esq. 
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LIST  OF 

THE  FIFTY  FOREIGN  MEMBERS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  183L 


Date  of 
Election. 

1808.  Professor  L.  -^V.  Necker,  Ge9ieva. 

1817.  Professor  K.  C.  von  Leonhard,  Heidelberg, 

1817.  Professor  Karl  von  Raumer,  Munich, 

1818.  Professor  G.  Ch.  Gmelin,  Tubitigen, 

1819.  Count  A.  Breuner,  Vienna. 
1819.  M.  Charles  Lardi,  Lausanne, 
1819.  Sign.  Alberto  Parolini,  Bassano, 

1821.  M.  Louis  Cordier,  Paris, 

1822.  Count  Vitiano  Borromeo,  Milan, 

1823.  Professor  Nils  de  Nordenskiold,  Abo, 
1825.  Dr.  G.  Forehhammer,  Copenhagen, 

1827.  Dr.  11.  von  Dechen,  Oberberghauptmann;  Bonn, 

1827.  Herr  Karl  von  Oeynhausen,  Oberberghauptmann,  Breslau, 

1828.  M.  J.  M.  Bertrand  de  Done,  Paij-en-  Velay. 

1828.  M.  L^once  Elie  de  Beaumont,  Sec  Perp^tuel  de  I'lnstit.  France, 
For.  Mem.  R.  S.,  Paris. 

1828.  Dr.  B.  Silliman,  New  Hacen,  Connecticut, 

1829.  Dr.  Ami  Bou^,  Vietina, 

1829.  J.  J.  d*Omalius  dllalloy,  Namur, 

1832.  Professor  Eilert  Mitscherlicli,  For.  Mem.  R.  S.,  Berlin. 

1839.  Dr.  Ch.  G.  Ehrenberg,  For.  Mem.  R.  S.,  Berlin. 

1840.  Professor  Adolphe  T.  Brongniart,  For.  Mem.  R.  S.,  Paris. 

1840.  IVofessor  Gustav  Rose,  Berlin, 

1841.  Dr.  Louis  Agassiz,  For.  Mem.  R.  S.,  Cambridge,  Massachusetts, 
1841.  M.  G.  P.  Deshayes,  Paris. 

1844.  Professor  William  Burton  Rogers,  Boston,  U,  8, 

1844.  M.  Edouard  de  Vemeuil,  Paris, 

1847.  Dr.  M.  C.  IL  Pander,  Riga. 

1847.  M.  lo  Vicomte  A.  d'Arehiac,  Paris. 

1848.  James  Hall,  Esq.,  New  York, 
1850.  Professor  Bernard  Studer,  Berne, 

1850.  Herr  Hermann  von  Meyer,  Frank/ort  on  Maine, 

1851.  Professor  James  D.  Dana,  New  Haven,  Connecticut, 
1851.  Professor  IL  G.  Bronn,  Heidelberg, 

1851.  Colonel  G.  von  Helmersen,  St,  Petersburg, 

1851.  Dr.  W.  K.  Ilaidinger,  For.  Menu  R.  S.,  Vienna. 

1851.  Professor  Angclo  Sismonda,  lUrin. 
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1853.  Count  Alexander  ron  Keyserling,  St.  Petershurg, 

1853.  Profeasor  Dr.  L.  G.  de  Koninck,  Li^ge, 

1854.  M.  Joachim  Barrande,  Prague. 

1854.  Profeasor  Dr.  Karl  Friedrich  Naumann,  Zeipaic. 

1850.  Profesaor  Dr.  Robert  W.  Bunsen,  Heidelberg^ 

1857.  Professor  Dr.  H.  R.  Goeppert,  Breslau. 

1857.  M.  E.  Lartet,  Parts. 

1857.  Professor  Dr.  H.  B.  Geinitz,  Dresden. 

1857.  Dr.  Hermann  Abich,  SL  Petersburg. 

1858.  Dr.  J.  A.  E.  DeslongchampS;  Caen, 

1858.  Herr  Arn.  Escber  von  der  Lintb^  Zurich., 

1859.  M.  A.  Delesse,  Paris. 

1859.  Professor  Dr.  Ferdinand  Roemer^  Breslau. 

1800.  Professor  Dr.  H.  Milne-Edwards,  For.Mem.R.S.,  Paris. 


AWARDS  OF  THE  WOLLASTON-MEDAL 


UNDER   THE    CONDITIONS   OF   THE    ^' DONATION-FUND*^ 


ESTABLISHED  BT 

WILLIAM  HTDE  WOLLASTON,  M.D.,  F.R.S.,  F.G.S.,  Ac, 

''To  promote  researches  concerning  the  mineral  structure  of  the  earth, 
and  to  enable  the  Council  of  the  Geological  Society  to  reward  those 
individuals  of  any  country  by  whom  such  researches  may  hereafter  be 
made," — "  such  individual  not  being  a  Member  of  the  Council." 


ia31.  Mr.  William  Smith. 
1836.  Dr.  G.  A.  ManteU. 
183a  M.  L.  Agassiz. 
1837  J  Capt  P.  F.  Cautley. 

*  I  Dr.  H.  Falconer. 
183a  Professor  R  Owen. 

Professor  C.  G.  Ehrenberg. 

Professor  A.  H.  Dumont. 

M.  Adolphe  T.  Brongniart. 

Baron  L.  von  Buch. 

iM.  R  de  Beaumont. 
M.  P.  A.  Du&^noy. 
1844  The  Rev.  W.  D.  Conybeare. 

1846.  Professor  John  Phillips. 
18i6.  Mr.  WiUiam  Lonsdale. 

1847.  Dr.  Ami  Bou^ 


1840. 
1841, 
1842. 

1843. 


1848. 
1849. 
1850. 
1861. 
1852. 

1863. 

1854. 
1856. 
1856. 
1857. 

1858. 

1859. 
1860. 
186L 


The  Rev.  Dr.  W.  Buckland, 
Mr.  Joseph  Prestwich,  jun. 
Mr.  William  Hopkins. 
The  Rev.  Prof.  A.  Sedgwick. 
Dr.  W.  H.  Fitton. 
\  M.  le|Vic6mte  A.  d'Arohiac, 
I M.  E.  de  Vemeuil. 
Dr.  Richard  Griffith. 
Sir  H.  T.  De  la  Beche. 
Sir  W.  E.  Logan. 
M.  Joachim  Barrande. 

illerr  Hermann  von  Meyer. 
Mr.  James  Hall.4 
Mr.  Charles  Darwin. 
Mr.  Searles  V.  Wood. 
Prof.  Dr.  H.  G.  Bronn. 


Iname  and  Expenditure  during  the 

INCOME. 

£     9,     d.      £     9.    d. 
Balance  at  Banker's,  January  1.  1860  ....    531     7    9 
Balance  in  Clerk's  hands 9  15    2 

541     2  11 

Compositions  received  110    5    0 

Arrears  of  Admission-fees     29     8    0 

Arrears  of  Annual  Contributions 15  15     0 

45     8  0 

Admission-fees  for  1860 214    4  0 

Annual  Contributions  for  1860 670  19  6 

Dividends  on  3  per  cent.  Consols 130  15  10 

Publications : 

Longmm  tnd  Co.,  for  Sale  of  Qoiurterly  Journal 

iiil859 69    1  5 

Sale  of  Traniactions 8  11  9 

Sale  of  ProceediiiffB 0  11  9 

Saleof  Journal,  Vols.  1-6 9  14  0 

„            Vol8.7-12 16  16  0 

„             Volt.13-15  81    S  8 

„             Vol.  16*   123  10  9 

Sale  of  Geological  Map   4    5  0 

Sale  of  Ubrary-cataloguei,  indnding  Dona- 
tion from  the  Rev.  C.  Pritchard 5  18  6 

Sale  of  Alphabetical  Catalogue  0    8  0 

Sale  of  Ormerod'a  Index     2    4  0 

312     4  10 

Journal-Compositions 204    0    0 


We.  have  compared  the  Books  and 
Vouchers  presented  to  us  with  these 
Statements,  and  find  them  correct. 


£2228  15     1 


S.  R.  PATllSON,  1    .   ,., 
JOHN  J.  BIGSBYJ  ^•«'•^^'''• 


Feb.  2,  1861. 

*  Due  from  Metirt.  Longman  and  Co.,  in  addition 

to  the  above,  on  Journal,  Vol.  XVI £63  12  3 

Due  from  Fellows  for  Subecriptiona  to  Joum.   ..     63    8  0 

Due  from  Authors  for  Corrections 7  13  6 


£134  13    9 


Tmr  eMKny  December  SUt,  1860. 

BXPENDITURB. 

Oenenl  Expenditure :  £   ».  d.        £     9.   d* 

Tuef 53    0    8 

Rre-Imamioe  •  3    0    0 

HouM-Reptin  12    5    8 

Foniitiire   38  18    9 

Fuel 40    9    0 

Lippfat 34    0    8 

MiteeUtneont  Houie-ezpenies 69  13  11 

Stationerf.... 29  16    4 

Mifoellaneous  Printing •  36    0    6 

Tea  for  Meetingi 15    1  10 

882     6  10 

Salaries  and  Wages : 

Anirtant-Seeretary 800    0    0 

Qerk 108  15    0 

Asiittantt  in  Librarj  and  Museam 84    5    0 

Porter « 90    0    0 

Hoosemaid    .* 40    0    0 

Oocarional  Attendance 15    1    0 

Collector    24    5    0 

562     6     0 

Library 177     6     2 

Alphabetical  Supplemental  Catalogue 37     5     1 

Museum 43  12    6 

Diagrams  at  Meetings ..«..*     13    5     0 

Miscellaneous  Scientific  Expenses   14     8    5 

Donation  (part)  to  Mr.  Nichols    50    0    0 

Publications  : 
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PROCEEDINGS 


AT  THE 


ANNUAL   GENERAL   MEETING, 
16th  FEBRUARY,  1861. 


AWABD  OF  THE  WOLLASTON  MeDAL. 


Afteb  the  Keport  of  the  Council  had  been  read,  the  President, 
Leonasd  Horneb,  Esq.,  F.R.8.  L.  &  E.,  delivered  to  the  Foreign 
Secretary,  Wiluam  John  Hamilton,  Esq.,  F.R.8.,  as  representative 
of  Professor  Bbonn  of  Heidelberg,  l^e  WoUaston  Medal,  addressiag 
iiim  as  follows : — 

Mr.  Hamilton, — ^The  Council  have  awarded  the  Wollaston  Medal 
to  Professor  Bronn  of  Heidelberg,  for  his  long-continued  and  suc- 
oeesful  labours  in  aiding  the  progress  of  geological  science  in  general, 
and  more  particularly  for  tiie  assistance  he  has  afforded  to  the 
progress  of  palaeontology  by  his  '  Index  Palaoontologicus,'  and  espe- 
cially by  his  last  work,  on  the  **  Laws  of  Development  of  the  Organio 
World." 

A  very  wide  range  of  subjects  is  embraced  in  his  numerous  publi* 
cations,  which  extend  over  a  period  of  nearly  forty  years.  Among  the 
carl'er  ones  I  may  refer  to  his  *  Travels  in  1824-1827  in  Switzer- 
landy  the  South  of  France,  and  Italy,'  in  which  many  important 
topics  of  Natural  History  and  Geology  are  treated  of.  These  were 
toSiowed,  in  1831,  by  a  description  of  the  Italian  tertiary  formations 
and  their  fossil  shells  and  other  organio  contents.  1  may  next 
menticyn  the  well-known  *  Lethsea  Geognostica,'  which  has  gone 
through  three  editions  since  1834,  and  which  was  followed  by  those 
most  useful  vdmaes  called  the  *  Index  Palseontologicus,  or  Review 
of  all  known  Fossil  Organisms,'  prepared  with  the  co-operation  of 
FiofeBSor  Goppert  of  Br^lau  and  of  Hermann  von  Meyer  of  Trank- 
fort.  The  ooirpilation  of  this  work,  however  laborious,  must  have 
been  beoefidal,  not  only  to  the  public,  but  to  the  author  himself,  by 
obliging  him  to  study  that  vast  store  of  materials  on  which  he  has 
sioee  generalized  with  so  much  originality  and  success  in  several 
on  the  philosophy  of  palaeontology.    It  is  impossible  to 


XXVlil  PBOCEEDiyoS  OF  THE  GEOLOGICAL  SOCIETY, 

overrate  the  importance  of  that  work  to  the  geological  student,  or 
the  diflBculty  of  its  compilation,  in  arranging  and  comparing  the 
numerous  organic  remains  described  by  diifcrent  persons  in  different 
places,  and  in  giving  due  precedence  to  the  numerous  synonyms 
which  have  been  introduced. 

In  relation  to  his  theoretical  speculations  on  the  plan  of  creation, 
as  deduced  from  geological  data,  and  from  the  present  state  of  the 
natural  world,  I  may  in  particular  advert  to  his  treatise  entitled 
<  Investigations  of  the  Laws  of  Development  of  the  Organic  World, 
during  the  period  of  the  Formation  of  the  Earth's  Surface,*  to  which 
a  prize  was  awarded  in  the  year  1857  by  the  French  Academy, — the 
subjects  proposed  ha^'ing  been,  "  first,  to  examine  the  laws  of  the 
distribution  of  fossil  organic  bodies  in  the  difierent  sedimentary  for- 
mations, according  to  the  order  of  their  superposition;  secondly, 
to  discuss  the  question  of  their  successive  or  simultaneous  appearance 
or  disappearance;  and  thirdly,  to  inquire  into  the  nature  of  the 
relations  between  the  existing  state  of  the  organic  world  and  its 
anterior  states."  In  that  remarkable  work  we  are  presented  with  a 
series  of  tabular  views,  exhibiting  the  numerical  distribution  of 
fossil  genera  and  species,  both  of  plants  and  animals,  as  they  appear 
in  the  successive  stratified  formations  of  the  earth's  crust,  capable 
of  serving  not  only  as  statistical  documents  of  the  highest  value  to 
illustrate  a  theory  of  the  development  of  life,  but  also  as  a  standard 
to  which  future  paleontologists  may  refer  when  they  desire  to  know 
the  point  which  their  science  has  reached  in  our  time.  In  the  same 
work  the  Professor  has  endeavoured  to  show  that  a  progressive 
advance  towards  the  perfection  of  animal  and  vegetable  forms  and 
attributes  has  kept  pace  with  a  parallel  and  equally  gradual  improve- 
ment in  the  external  conditions  of  life,  or  in  the  habitable  state  of 
the  globe. 

Professor  Bronn  supposes  that  there  has  been  a  passage  from  a 
thalassic  and  insular  to  a  continental  state  of  the  globe,  in  which 
high  mountain-chains  and  large  areas  of  land  separated  by  inter- 
vening seas  have  been  formed,  and  that  during  those  changes  a 
contemporaneous  development  of  the  organic  world  has  been  going 
on,  from  the  most  simple  and  imperfect  to  the  more  complex  and 
perfect — a  progress  equally  displayed  by  plants  and  animals, — the 
acotyledonous,  for  example,  having  precM^ded  the  dicotyledonous 
plants,  and  the  marsupial  mammals  of  the  oolite  having  appeared 
before  the  placental  forms  of  the  tertiary  period.  This  relation  of 
the  continued  improvement  in  the  physical  state  of  the  earth  and 
the  concomitant  changes  in  organic  life  Professor  Bronn  calls  the 
terripetal  law.  Without  pretending  to  offer  any  opinion  on  these 
difficult  problems,  to  which  my  own  studies  have  not  been  directed, 
I  may  observe  that  we  should  be  lost  in  the  contemplation  of  the 
multiplicity  of  facts  already  accumulated  respecting  the  past  history 
and  present  state  of  the  organic  and  inorganic  worlds,  were  they  not 
presented  to  us  in  a  connected  view  by  the  aid  of  some  such  bold 
and  comprehensive  theoretical  speculations,  which  are  the  more 
interesting  when  we  consider  their  bearing  on  Mr.  Darwin's  views. 
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sinoe  published,  ''  On  the  Origin  of  Species/'  which,  though  di- 
stinct and  independent,  have  a  close  connexion  with  the  theories 
which  Professor  Bronn  has  treated  with  so  much  ability. 

Mr.  Hamilton  replied  as  follows : — 

Mr.  President, — ^It  is  with  great  satisfaction  that  I  receive  at  your 
hands  the  Medal  which  has  been  awarded  to  Professor  Bronn  by 
the  Council;  and  I  shall  have  much  pleasure  in  forwarding  it  to 
my  learned  and  distingoished  friend,  with  whom  I  have  been  inti- 
mately acquainted  for  many  years,  and  whom  I  have  always  found 
wining  to  impart  his  information  in  the  kindest  and  most  liberal 
manner.  You,  Sir,  have  so  fiilly  expatiated  on  the  merits  of 
Professor  Bronn,  that  it  is  unnecessary  for  me  to  occupy  the  time  of 
the  meeting  in  saying  more  on  that  subject ;  I  shall  therefore  con- 
fine my  observations  to  a  brief  notice  of  what  Professor  Bronn  has 
written  to  me  in  the  letters  in  which  he  requested  me  to  receive  the 
Medal  for  him. 

In  the  first  place,  he  has  requested  me  to  express  his  thanks  to  the 
Council  for  the  great  honour  done  to  him  by  this  award — an  honour 
an  the  more  remarkable  in  consideration  of  the  many  other  distin- 
guished individuals  whose  names  were  brought  forward  as  candidates 
on  this  occasion.  He  then  observes,  with  regret,  that  he  has  no 
practical  field  for  his  geological  and  palseontological  exertions.  He 
cuinot  travel  and  m^e  discoveries ;  he  has  not  even  the  use  of  a 
pablic  coUection ;  and  he  is  restricted  to  his  own  means,  and  these 
are  small.  He  trusts  that,  by  his  publication  of  the  '  Index  Palae- 
oatologicus,  and  '  Lethsea  Geognostica,'  he  has  given  to  others  some 
amstanoe  in  prosecuting  more  extensive  studies ;  and  finaUy  he  ob- 
serves that  he  has  laid  down  the  results  of  his  own  studies,  in  two 
woiIeb,  one  of  which  obtained  the  prize  offered  by  the  French 
Academy ;  the  other,  entitled  '  The  Gradual  Progress  of  Organic 
life,  from  the  Rock  Islands  of  the  Ocean  to  the  Continents,'  is  an 
Appendix  to  the  ''  Law  of  the  Terripetal  Development  of  Organic 
life  in  Geological  Time,**  which  he  had  established  in  the  above- 
mentioned  Pme  Essay.  I  may  add  that,  as  the  result  of  these  laws, 
one  of  which  is  dependent  on  the  outward  conditions  of  existence, 
and  the  other  is  the  effect  of  an  independent  creative  force.  Professor 
Bronn  has  endeavoured  to  show  that  in  proportion  as,  first  rocky 
idets,  then  groups  of  islands,  mountain-chains,  and  finaUy  large 
continents  were  raised  above  the  level  of  the  sea,  a  corresponding 
progression  of  organic  life  from  less  to  more  perfect  fonns  was 
graduaUy  called  into  existence. 

In  condnaian,  I  wiU  only  say.  Sir,  that,  while  again  expressing 
Professor  Bronn's  sincere  thanks  for  the  distinguished  but  (as  he 
says)  unexpected  honour  which  has  been  conferred  upon  him  by  the 
Coondl,  I  shall  take  the  earliest  opportunity  of  forwarding  to  him 
ttia  mark  of  the  Coundl's  approbation  of  the  eminent  services 
which  he  has  rendered  to  geological  investigation. 
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AWABD  OP  THB  WoLLASTON  DoKATTOK-PUirD. 

The  President  next  addressed  Sir  Roderick  Murchison,  as  the  re- 
presentative of  M.  Daubb£e,  in  the  following  terms : — 

Sir  Bodericx, — ^You  are  aware  that  the  bequest  of  Dr.  WoUaston 
enables  the  Council  each  year  to  bestow  a  second  mark  of  distinction^ 
but  in  another  form,  in  order  to  show  their  sense  of  some  valuable 
service  rendered  to  geological  science,  and  generally  to  aid  researches 
in  progress  which  involve  considerable  expense, — the  sum  at  their 
disposal  being,  however,  by  no  means  a  measure  of  the  value  they 
attach  to  the  researches.  On  the  present  occasion,  they  have  made 
this  award  to  M.  Daubr^,  Dean  of  the  Faculty  of  Sciences  at 
Strasburg,  Professor  of  Mineralogy  and  Geology  in  tiiat  Faculty,  and 
a  Chief  Engineer  of  Mines ;  and  I  have  to  request  that,  as  his 
personal  friend,  you  will  convey  to  him  this  testimony  of  the 
interest  we  take  in  those  his  researches^  which  have  hitherto  been 
attended  with  very  important  results. 

The  words  of  the  award  are  these : — ''  to  aid  in  the  prosecution  of 
synthetic  experiments  similar  to  those  of  which  he  has  recently 
given  an  account,  and  which  he  has  intimated  his  intention  of  con- 
tinuing, with  the  object  of  throwing  light  upon  metamorphic  action." 

But  it  is  not  only  as  an  eminent  chemical  philosopher  that  M. 
Daubr^  has  an  extensive  reputation  in  his  own  and  in  foreign 
lands ;  he  has  long  made  valuable  contributions  to  geology  by  other 
works.  His  publications  date  from  the  year  1836 ;  since  whidi  time, 
besides  sixteen  memoirs  on  the  analysis  of  nunerals  and  other 
subjects  of  chemical  geology,  we  have  had  fix)m  him  a  Geological 
Map  of  the  Department  of  the  Lower  Rhine,  accompanied  by  an 
octavo  volume  of  500  pages  with  111  figures,  descriptive  of  its 
geology  and  mineralogy ;  <  Observations  on  the  Ancient  and  Modem 
Alluvia  of  a  part  of  the  Basin  of  the  Rhine ;'  *  On  the  Erratic 
Phenomena  in  the  North  of  Europe  and  the  Recent  Movements  of 
the  Land  in  Scandinavia ; '  <  Observations  on  the  Quantity  of  Heat 
employed  to  evaporate  Water  at  the  Surface  of  the  Globe,'  and 
'  On  the  Dynamic  Force  of  the  Running  "Waters  of  the  Continents ;' 
and  no  less  than  twenty  minor  memoirs  on  miscellaneous  geo- 
logical subjects,  succeeded  by  his  *  Observations  on  Metamorphism, 
and  Experimental  Researches  on  some  of  the  Agents  which  may 
have  produced  it ; '  and  lastly,  his  important  work,  a  copy  of  which 
he  has  recently  presented  to  this  Society,  entitled,  'Studies  and 
S3mthetic  Experiments  on  Metamoiphism,'  to  which  I  shall  have 
occasion  to  refer  in  the  course  of  the  address  I  am  about  to  deliver. 

Sir  RoDERicx  MuBcmsoN  replied  as  follows : — 

Sir, — I  have  listened  with  great  satiflfiEU^tioi]^  ^  ^^^  you  have 
said  (and  so  well  said)  in  idation  to  the  meritorious  services  of 
M.  BhEtubr^,  and  I  have  a  true  satisfiEUition  in  being  made  the 
medium  of  transmitting  to  him  the  prooeeds  of  the  WoUaston  Fund. 
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I  am  convinced  that  on  no  preceding  occasion  have  these  proceeds 
been  awarded  to  a  person  who  hy  his  researches  more  completely 
realizes  the  design  and  object  of  the  illustrious  testator. 

8eeing  that  M.  Daubrde  is  continuously  engaged  in  the  prosecution 
of  that  branch  of  experimental  science  which  geologists  most  call 
for,  and  knowing  that  ho  has  already  thrown  great  and  important 
Ught  on  some  of  the  most  occult  processes  of  nature  in  the  meta- 
morphism  of  rocks,  I  may  take  &e  liberty  of  saying  that  I  hope 
the  notice  we  now  take  of  such  labours  may  be  but  the  prelude  to 
our  speedy  enrolment  of  this  distinguished  man  among  the  Foreign 
Members  of  the  Geological  Society. 

THE  ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT. 

I  congratulate  you  on  the  favourable  position  of  the  Society  which 
the  report  from  your  Council  has  presented  to  you.  Although  we 
have  to  lament  the  deaths  of  many  of  our  Fellows  during  the  past 
year,  I  have  not  to  read  to  you  such  a  melancholy  list  as  you  heard 
from  this  chair  at  our  last  iomiversary,  of  the  names  of  many  of  our 
aBsociates  eminent  in  science  taken  away  from  us  in  a  single  year ; 
for  onr  sorrow  has  been  aggravated  by  the  decease  of  but  a  few  of 
those  from  whom  future  valuable  contributions  to  the  advancement 
of  our  science  might  have  been  looked  forward  to  with  confidence. 

The  Rev.  Professor  Baden  Powell  died  last  June,  at  the  age  of  sixty- 
three.  He  took  first-class  honours  at  Oxford  in  1817,  became  a  Fellow 
of  the  Royal  Society  in  1824,  and  in  1827  was  appointed  Savilian 
Professor  of  Geometry  in  the  University  of  Oxford,  an  office  which 
he  retained  to  the  time  of  his  death.  He  was  elected  a  Fellow  of 
this  Society  in  1837,  and  was  a  frequent  attendant  at  our  evening 
meetings ;  and,  although  chiefly  known  for  his  labours  in  physics, 
and  especially  in  light  and  Heat,  he  contributed  much,  by  a  variety 
of  writings,  to  the  general  acceptance  by  the  public  of  the  results  of 
geological  investigations.  He  had  worked  but  little  at  field-geology; 
but  his  unusual  grasp  of  mind  and  habits  of  industry  enabled  him, 
whilst  closely  engaged  in  other  branches  of  science,  to  keep  pace 
with  the  recent  observations  and  current  literature  of  geology, 
especially  on  the  great  general  questions  in  our  science  the  most 
attractive  to  a  philosophical  mind. 

The  fruits  of  these  studies  were  embodied  in  numerous  articles  in 
reviews,  and  in  a  series  of  works  devoted,  in  great  part,  to  inquiries 
into  the  relations  between  physical  science  and  religion.  Such  were, 
'The  Connection  of  Natural  and  Divine  Truth,  1838;'  'Essays 
on  the  Spirit  of  the  Inductive  Philosophy,  &c.,'  1855 ;  '  The  Unity 
(rf Worlds  and  of  Nature,'  1856;  'The  Order  of  Nature,"  1869. 
In  the  latter  work  there  is  a  most  interesting  sketch  of  the  progress 
of  geology,  from  which  I  am  tempted  to  quote  the  following  ad- 
mirable passage : — "  The  evidence  of  the  true  influence  and  progress 
of  pliilosophiNJ  principleB  in  this  grand  department  of  science — 
gnmd  in  itself,  but  more  transcendently  so  in  relation  to  the 
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'  cosmos,'  as  carrying  back  the  dominion  of  physical  law  through 
the  abysses  of  past  time — in  its  earlier  stages  was  found  where 
perhaps  we  might  least  have  looked  for  it — ^among  the  Italian  writers. 
The  mantle  of  Galileo  descended,  in  some  measure,  on  Yallisneri  and 
Moro,  and  more  amply  on  Generelli,  though  a  Carmelite  monk. 
"We  here  perceive  perhaps  the  first  great  advance  in  true  philo- 
sophical ideas  of  geology,  and  the  anticipation  and  prototype  of  the 
real  inductive  independent  views  of  Hutton  and  Lyell,  under  the 
vivifying  influence  of  whose  principles  the  English  school  of 
geologists  is  but  now  beginning  to  cast  off  the  lingering  renmanta  of 
its  hereditary  bondage  to  mystical  paroxysms,  occasional  recurrences 
of  chaos  and  creation,  subversions  and  renewals  of  the  order  of 
nature,  and  miraculous  originations  of  now  species  out  of  nothing — 
in  a  word,  the  spirit  of  invoking  the  supernatural  to  cover  our  ig- 
norance of  natural  causes*." 

His  broad  and  liberal  views^  and  his  fearless  assertion  of  the  truths 
to  which  he  was  conducted  by  reasoning  on  facts,  exposed  him  to 
the  shafts  of  prejudice  and  bigotry,  the  more  envenomed  from  the 
fact  of  his  being  himself  in  Holy  Orders.  But,  although  conscious 
that  he  was  thereby  putting  a  bar  on  his  prospects  of  worldly  ad- 
vancement, he  continued  to  the  end  to  work  steadily  in  the  course 
which  his  conscience  dictated,  satisfied  that  at  a  later  day  justice 
would  be  rendered  to  his  arguments.  He  was  at  the  same  time 
ever  ready  to  give  to  his  opponents  the  same  credit  for  that  sincerity 
of  belief  and  honesty  of  purpose  by  which  he,  doubtless,  felt  he  was 
himself  actimted,  and  to  which  we  aU  know  he  might  justly  have 
laid  claim. 

His  lucid  style,  philosophical  tone,  and  extensive  learning 
secured  for  him,  as  a  writer,  the  sjrmpathy  and  support  of  the 
friends  of  intellectual  progress,  whilst  his  private  friends  had  to 
admire  his  constant  readiness  to  assist  and  instruct,  his  lively  in- 
terest in  and  great  acquaintance  with  most  branches  of  knowledge, 
his  skill  as  a  musician  and  draughtsman,  and  his  unassuming  kind- 
ness of  disposition.  For  many  years  he  formed  one  of  a  small  band  at 
Oxford  who  kept  alive  the  study  of  the  physical  sciences]  during  a 
season  when  they  were  not  regarded  with  so  much  fiivour  as  at  the 
present  day ;  and  when,  in  1850,  he  was  appointed  to  be  one  of  the 
Oxford  University  Commissioners,  he  had  the  satisfaction  of  aiding 
to  introduce  some  of  those  modifications  which  have  now  given  the 
physical  sciences  a  recognized  position  in  the  system  of  studies 
adopted  at  the  University. 

Peter  John  Martin,  Esq.,  of  Pulborough,  Sussex,  was  elected  a 
Fellow  of  this  Society  in  1833,  and  died  last  May,  aged  seventy-four. 

Established  as  a  medical  man  in  the  Valley  of  the  Arun,  Mr. 
Martin  had  two  favourite  holiday-studies,  which  he  continually 
pursued,  as  an  andqaarian  and  a  geologist.  Of  his  researches  in  the 
history  of  the  Roman  Beads,  and  in  other  archasological  subjects, 
his  antiquarian  friends  are  well  aware ;  and  accounts  of  them  have 
*  Order  of  Nstoi^  p.  161. 
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beef&  published.  Of  his  geological  studies  there  are  records  in  the 
Proceedings  and  Journal  of  this  Society,  in  the  *  Philosophical  Ma- 
gaxine/  and  especially  in  an  independent  memoir,  published  in  1838, 
entitled  a  *  Geologic^  Memoir  on  a  part  of  Western  Sussex/  &c. 
The  geological  structure  of  the  picturesque  country  around  his 
residence  at  Pulborough  early  attracted  Mr.  Martin's  attention ;  and, 
following  up  the  labours  of  Sedgwick,  Fitton,  Webster,  Mantell, 
and  Murchison,  who  had  already  in  great  part  elucidated  the  his- 
tory of  the  Upper  Secondary  Eocks  of  Sussex,  Hampshire,  and  the 
Isle  of  Wight,  Mr.  Martin  was  enabled  to  throw  still  more  light  on 
th0  nature  and  relations  of  the  Chalk,  Firestone,  Gault,  Shanklin 
Sand,  and  Weald  Clay  of  Western  Sussex.  In  doing  this,  he  gave 
greater  distinctness  to  the  features  of  the  "  Weald  Claj  *'  than  had 
hitherto  been  recognized,  and  he  particularly  drew  attention  to  the 
nature  of  the  Talleys  and  ridges  in  the  Wealden  area,  considering 
the  yallejs  to  have  been  fissures  produced  by  the  elevation  and 
consequent  fracture  of  the  strata,  and  that  the  drainage-system  of 
the  country  follows  these  lines  of  fissures  to  their  outlets  through 
the  North  and  South  Downs.  These  points  are  treated  in  detail  in 
the  memoir  above  alluded  to,  where  also  the  effects  of  the  de- 
langement  of  strata  in  the  production  of  certain  valleys  (valleys 
of  elevation,  &c.)  are  largely  illustrated,  comprising  the  phenomena 
of  "  outliers-by-protrusion,"  or  **  inliers  "  as  they  are  now  termed 
(by  the  G^eologicfd  Surveyors) ;  and  the  contemporaneous  or  imme- 
diately consecutive  diluvian  action  affecting  a  region  so  disturbed  was 
also  an  important  subject  of  his  consideration.  The  relations  of 
the  London  and  Hampshire  basins,  as  trough-  or  basin-shaped  con- 
tortions of  the  strata,  were  a  favourite  subject  with  Mr.  Martin ; 
and  observations  on  the  anticlinal  line  of  these  basins  were  pub- 
lished from  time  to  time  in  the '  Philosophical  Magazine.'  The  most 
elaborate  of  this  series  of  *  Observations '  was  read  before  the  Geo- 
logical Society  in  1840 ;  but  the  MS.  was  mislaid,  and  not  again 
found  until  1848,  three  years  after  which  it  was  published  by  its 
author,  with  additional  matter,  in  the  *  Philosophical  Magazine.'  It 
contains  a  large  amount  of  information  respecting  the  strata  and 
lines  of  elevation  and  dislocations  of  the  Wcaldon  rocks,  and  also 
on  the  different  zones  of  drift  (gravel,  pebbles,  and  loam)  which  are 
recognizable  along  the  several  concentric  escarpments  in  that  area, 
and  which  Mr.  Martin  referred  to  the  diluvial  currents  consequent 
on  the  upheaval  of  the  Wealden  area. 

In  1855  Mr.  Martin  gave  the  Society  a  note  on  his  views  of  the 
relations  of  the  gravels  of  the  Sussex  coast  to  the  drift  of  the  in- 
terior of  the  Wralden  area,  stating  his  belief  that  they  belong  to  an 
outer  xone  of  drift  due  to  one  stage  of  the  Wealden  elevation,  and 
probably  an  early  one. 

In  1856  he  still  pursued  his  &vourite  researches  into  the  nature 
of  the  dQuvial  phenomena  of  the  Wealden  and  of  the  elevation  and 
dmudation  of  strata  generally,  as  shown  by  his  papers  in  the 
'  Fhiksophioal  Magsaine*  for  1856  and  1857 ;  and,  although  failing 
baaUh  began  to  show  itself,  his  energies  were  not  weakened  in  this 
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his  favourite  study.  Even  in  the  spring  of  1860  he  was  still  en* 
gaged  with  this  subject,  and  but  a  few  days  before  his  decease  he 
sent  a  letter  on  raised  beaches  to  an  old  friend. 

JoHiiTK  Fbibdbich  Lttswio  Hausmakv,  who  was  elected  a  Foreign 
Uember  of  this  Society  in  1829,  died  at  Hanover,  his  native  town, 
on  the  26th  of  December  1859,  in  tbe  78th  year  of  his  age.  He 
had  no  sooner  completed  his  academical  education  than  he  devoted 
himself  to  the  prosecution  of  geological  science.  In  1807  he  made 
a  geological  tour  in  Denmark,  Norway,  and  Sweden ;  in  1809  he 
was  placed  at  the  head  of  a  Government  Mining  Establishmeni)  in 
the  then  kingdom  of  Westphalia,  and  during  his  administration  of 
it  he  established  the  School  of  Mines  at  Clausthal  in  the  Han 
Mountains.  On  the  death,  in  1811,  of  the  celebrated  Beckmann, 
Professor  of  Technology  and  Mining  in  the  University  of  Gottingen» 
Hausmann  was  appointed  his  successor,  with  which  professomhip 
was  soon  afterwards  conjoined  that  of  Mineralogy  and  Geology, 
offices  which  he  filled  with  unremitting  zeal  and  with  acknowledged 
success  until  within  a  few  months  of  his  death.  During  his  vaca- 
tions, he  followed  up  his  geological  studies  in  England,  Eranoe, 
Spain,  and  Italy.  He  was  the  author  of  a  vast  number  of  treatises 
on  Mineralogy,  Geology,  and  Technology,  and  held  a  distinguished 
place  among  the  sdentifio  men  of  Germany.  On  the  death  of  the 
renowned  Blumenbaoh,  he  was  appointed  Secretary  of  the  Boyal 
Academy  of  Sciences  of  Gottingen,  which  he  continued  to  be  to  the 
time  of  his  death. 


It  was  in  the  year  1828  that  Dr.  Fitton,  who  had  been  elected 
the  President  of  this  Society  at  the  preceding  Anniversary,  first  in- 
troduced the  custom  of  an  address  being  delivered  &om  the  Chair 
at  our  Annual  General  Meetings.  In  tiie  then  existing  circum- 
stances of  the  Society,  and  for  the  next  fifteen  years,  when  a  long 
time  usually  elapsed  between  the  reading  of  a  paper  and  its  publi- 
cation in  our  Transactions,  a  review  of  the  proceedings  of  the  past 
year  was  interesting  and  usefiil.  But  our  Quarterly  Journal  gives 
so  full  and  early*  an  account  of  the  papers  read,  that  it  is  now  un- 
necessary for  your  President  to  occupy  your  time  with  such  a  review, 
I  therefore  propose  to  pass  them  over,  and  to  bring  under  your 
notice  some  of  the  more  prominent  objects  that  have  occupied  the 
attention  of  geologists  in  recent  times,  and  which  must  long  con- 
tinue to  do  so,  while  we  endeavour  to  arrive  at  a  true  Theory  of 
the  Earth. 

The  Geological  Survey  of  the  United  Kingdom  claims,  however, 
my  first  attention ;  for  I  think  that,  without  being  open  to  the 
charge  of  arrogance,  we  may  say  that  it  is  an  offspring  of  this  8o- 

*  A  papn*  br  Profenor  Niool,  which  now  oooupiee  twentr-nine  pagei  of  our 
Joomal,  with  foarteoi  illaftntioiii,  wu  read,  referred,  printed  (Uie  woodouli 
eograted),  and  pabUahed  between  the  fiOi  of  Deoember  and  the  lai  of  ITabnuvy 
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detj.  The  nation  is  mainly  indebted,  for  the  advantages  it  has 
already  and  will  hereafter  derive  ^m  that  institution,  to  the  genius, 
activity,  and  practical  judgment  of  one  of  the  most  accomplished 
geologists  of  the  time  in  which  he  lived,  and  for  many  years  a^ 
leading  Member  in  this  Society,  Sir  Henry  De  la  Beche.  It  has,  to 
a  great  extent,  the  same  objects  as  we  ourselves  have — the  promo- 
tion of  geology  in  a  strictly  scientific  point  of  view, — ^but  with  powers 
far  exceeding  any  that  we  possess,  in  its  numerous  staff  of  able  men 
devoted  to  the  pursuit  iu  all  its  branches,  and  with  the  command  of 
extensive  means  supplied  by  Government.  But  it  has  other  func- 
tions of  vast  importance,  in  the  development  of  the  mineral  treasures 
of  our  country,  which,  until  this  Gove&nm£NT  School  of  Mines  was 
established,  was,  with  few  exceptions,  left  in  the  hands  of  uneducated 
perK>ns,  the  so-called  practical  men, — a  system  far  from  being  yet 
laid  aside,  and  in  strong  contrast  wit^  that  of  Germany  and  France, 
oountries  far  less  abounding  in  mineral  wealth,  where  Schools  ox 
Mines  have  long  existed.  Such  insensibility  to  the  importance  of 
the  culture  and  encouragement  of  science  on  the  part  of  our  Govern^ 
ment  and  the  other  Members  of  the  LegiBlaturc,  in  a  coimtry  like 
0018,  which  has  had  such  ample  experience  of  the  benefits  derived 
from  its  practical  application,  can  only  be  accoimted  for  by  the 
I^ysical  and  natural  sciences  having  formed  no  part  of  their  educa^ 
tion*  The  evil  effects  of  this  absence  of  a  just  appreciation  of  science 
have  of  late  yean  been  considerably  lessened ;  and  there  are  good 
grounds  for  hoping  that  they  will  ere  long  entirely  disappear. 

My  inquiries,  at  the  Museum  in  Jermyn  Street,  as  to  Qie  progress 
made  by  the  Survey,  and  the  works  connected  with  it,  during  the 
last  year,  were  most  readily  responded  to  by  the  able  and  zealous 
Director-General,  and  by  fdl  the  gentlemen  of  the  establishment, 
from  whom  I  sought  information.  The  contributions  it  has  made 
to  the  science  of  geology,  rather  than  to  practical  questions,  more 
especially  belong  to  this  address;  and  most  gladly  would  I  have 
^deavoured  to  lay  before  you  some  account  of  them ;  but  to  do  so 
in  any  intelligible  manner  would  have  led  me  far  beyond  the  limits 
which  I  must  observe  in  order  to  notice  other  subjects  to  which  I 
wish  to  draw  your  attention.  Among  the  most  interesting,  how- 
ever, I  may  particularize  the  work  commenced  personally  by  Pro- 
fiaasor  Eamsay,  and  afterwards  accomplished,  under  his  superin- 
tendence, by  his  able  assistants,  Mr.  Geikie  and  Mr.  Howell,  in  the 
Lothians.  On  two  sheets  of  the  1-inch  scale  Ordnance  Map  are 
delineated  the  geological  features,  singularly  varied  and  impressive 
in  so  limited  an  area,  of  the  Silurian,  Devonian,  and  Carboniferous 
strata,  with  the  numerous  varieties  of  fclstone,  porphyry,  and  trap, 
imbedded  and  intrusive.  No  one  can  examine  tibose  maps  without 
feeling  impatient  for  the  publication  of  the  memoirs  explanatoiy  of 
them,  one  of  which  is  now  in  the  press.  There  can  be  few  districts 
which  it  would  be  more  interesting  to  an  experienced  geologist  to 
travel  over,  or  one  more  advantageous  to  a  learner  to  explore  and 
fltody.  I  can  testify  to  the  great  addition  to  our  knowledge,  theo- 
setml  and  practiGcd,  which  is  given  by  these  maps;  and  I  feel 

e2 
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assured  that  my  old  friend,  Mr.  Charles  Maclaren,  who  first  correctly 
pointed  out  the  great  geological  features  of  the  country  round  the 
Scottish*  metropolis,  will  heartily  join  me  in  applauding  the  results 
of  the  recent  researches  of  the  Government  Surveyors. 

When  I  inform  you  that  during  the  past  year  accurate  surveys 
have  heen  made  in  England  of  832  square  miles  of  Tertiary  and 
Wealden  formations,  40  of  Oolitic  rocks,  413  of  Coal-measures, 
Magnesian  Limestone,  New  Red  Sandstone,  and  Marl, — and  in 
Scotland,  241  of  Coal-measures,  Old  Red  Sandstone,  and  Silurian 
rocks — ^}'ou  will  readily  helieve  that  a  vast  mass  of  facts  of  the 
highest  interest  to  geological  science  will  he  hrought  to  light  so 
soon  as  the  maps,  sections,  and  reports  on  those  surveys  are  pub- 
lished. 

Of  information  to  be  derived  from  publications  by  the  Survey 
in  the  last  year,  we  have  five  memoirs  descriptive  of  coloured  sheets 
of  the  Ordnance  1-inch  scale  Map  of  England,  previously  published; 
four  additional  coloured  sheets  of  the  same  map,  comprising  1700 
square  miles  ;  besides  four  sheets  of  the  Lancashire  Coal-fields  on  a 
Bcsle  of  6  inches  to  a  mile ;  and  53  miles  in  England,  and  48  miles 
in  Scotland  of  longitudinal  sections,  on  a  scale  of  6  inches  to  the 
mile.  Other  6-inch-scale  maps  of  the  Lancashire  and  Edinbuigh 
coal-fields  are  nearly  ready  for  publication. 

To  those  who  can  visit  the  Museum  in  Jermyn  Street,  many  ad- 
ditional opportunities  for  the  careful  study  of  fossils  have  been 
supplied  by  the  labours  of  Professor  Huxley,  Mr.  Salter,  and  Mr. 
Etheridge ;  and  a  second  edition  has  been  published  of  the  very 
instructive  descriptive  catalogue  of  the  rock-specimens,  drawn  up 
by  Professor  Ramsay,  and,  under  his  superintendence,  by  Messrs. 
Bristow,  Bauerman,  and  Geikic. 

The  information  I  got  at  the  Mining  Record  Office,  most  obligingly 
given  to  mo  by  Mr.  Robert  Hunt,  the  keeper,  relating  to  mineral 
statistics  of  various  kinds,  hardly  comes  within  the  range  of  our 
inquiries  in  this  place.  One  fact  I  learned  which  was  somewhat 
startling,  namely,  that  the  drain  upon  our  coal-fields  now  amounts 
to  72  millions  of  tons  per  annum.  Calculations  have  recently  been 
made  by  Mr.  Hull,  one  of  the  surveyors,  that  with  an  annual  drain 
of  60  niillions  of  tons,  our  coal-fields  will  be  exhausted  in  a  thousand 
years.  Let  us  hope  that  our  School  of  Mines  will  ascertain  the 
existence  of  deep-seated  beds,  such  as  that  in  Nottinghamshire, 
made  known  to  us  by  the  perseverance,  under  great  discourage- 
ments, of  his  Grace  the  Duke  of  Newcastle,  to  allay  our  anxiety 
for  the  fate  of  our  remote  successors. 

You  are  probably  aware  that  the  Geological  Survey  of  Ireland  is 
placed  under  the  superintendence  of  a  Local  Director,  assisted  by  a 
staff"  of  District  Surveyors,  and  that  there  are  distinct  volumes  of 
memoirs,  with  Ordnance  Maps,  for  that  part  of  the  United  Kingdom^ 
and  a  Miiseum  of  Practical  Geology  in  Dublin.  Mr.  Beete  Jukes, 
the  Local  Director,  has  been  so  obliging  as  to  supply  me  with  ^jfoll 
information  respecting  their  proceedings  in  the  past  year. 

The  great  features  of  the  geology  of  Ireland  have  for  some  time 
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been  known  by  the  map  of  Sir  Richard  Griffith — a  rare  combination 
of  geological  knowledge  and  persevering  industry  for  one  individual 
to  have  produced.'  But,  with  few  exceptions,  and  those  principally 
in  the  northern  part  of  the  island,  little  had  been  known  of  those 
minute  details  of  structure  which  the  advanced  state  of  geology 
requires.  The  required  closer  examination  has  been  for  some  time, 
and  is  now,  in  active  progress,  in  conformity  with  a  general  plan  ema- 
nating finom  the  Director-General  of  the  Geological  Survey  of  tho 
United  Kingdom,  worked  out  in  its  details  under  the  superintend- 
ence of  Mr.  Jukes,  of  whose  eminent  fitness  for  the  task,  by  scientifio 
acquirements,  experience  in  the  field,  and  untiring  energy,  you  are 
well  aware, — aided  as  he  is  by  very  competent  surveyors. 

Tlve  Ordnance  Map  of  Ireland,  on  the  scale  of  1  inch  to  a  mile,  is 
divided  into  205  squares  of  equal  dimensions ;  and  each  square  will 
be  published  as  a  separate  sheet.  Of  those  sheets,  twenty-seven 
geologically  coloured  have  already  been  published,  and  twenty-one 
are  nearly  ready.  Each  sheet  (or  each  small  group  of  sheets,  when 
it  Is  advisable  to  unite  them)  will  be  accompanied  by  a  printed  ex- 
planation in  8vo  form,  containing,  first,  an  accoimt  of  its  physical 
geography,  showing  the  form  of  the  greimd,  the  heights  of  the  chief 
points,  the  mean  level  of  its  plains,  and  the  levels  at  which  the  prin- 
cipal rivers  enter  and  leave,  that  are  included  in  the  sheet ;  secondly, 
a  brief  general  account  of  the  sedimcntar}'  formations  and  eruptive 
rocks,  with  a  general  sketch  of  the  internal  structure ;  thirdly,  a 
sketch  of  the  relation  between  the  form  of  the  ground  and  its  in- 
ternal structure ;  and  fourthly,  pala>ontological  notes  on  the  most 
remarkable  fossils.  After  these  come  "Detailed  Descriptions," 
giving  an  account  of  the  observations  made,  the  places  where  quarries, 
pits,  sections,  &c.  may  be  seen,  and  as  much  of  the  field-notes  as 
will  g^do  any  one  who  wishes  to  examine  for  himself  and  verify 
tbe  observations  of  the  surveyors,  together  with  notes  of  the  mi- 
nerals, mines,  drift,  and  bogs ;  and  woodcut-Ulustrations  are  given 
with  the  text.  There  are,  moreover,  sheets  of  longitudinal  and 
vertical  sections,  having  only  the  observed  data  engraved.  It  is 
further  intended,  when  all  the  sheets  are  finished,  to  have  condensed 
memoirs  on  large  districts. 

In  these  *  E^lanations'  there  is  necessarily  much  repetition ;  but 
they  c<mtain  so  great  an  amount  of  valuable  contributions  to  gco- 
If^'cal  science  in  the  strict  meaning  of  the  term,  that,  as  a  general 
work,  they  will  well  reward  an  attentive  perusal.  One  of  the  most 
Ktriking  features  described  is  the  great  extent  of  the  surface  that  is 
covered  by  drift,  its  vast  thickness,  and  the  great  height  at  which  it 
18  found  in  many  places. 

Although  not  connected  with  the  Geological  Survey  of  the  United 
Kingdom,  that  now  in  progress  in  our  Indian  Empire  is  so  similar 
in  its  organization,  that  it  is  to  be  reckoned  as  one  of  the  great 
associations  through  which  the  sons  of  Britain  are  contributing 
their  share  to  the  advancement  of  geological  science. 

It  is  now  ten  years  since  Mr.  Oldham,  the  Superintendent  of  the 
Geological  Survey  of  India,  arrived  in  Calcutta,  with  the  excellent 
fnftoMtian,  of  having  been  Frotesaor  of  Geology  in  Trinity  CoWs^^ 
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Dublin,  and  affcerwards  Local  Director  of  the  Geological  Soirey  of 
Ireland.    But  so  great  were  the  difficulties  with  which  he  had  to 
contend  at  the  outset,  and  for  a  long  time  afterwards,  that  little 
more  than  four  years  have  elapsed  since  he  was  able  to  establish 
that  regular  system  of  operations  by  which  alone  any  sure  progren 
could  be  made  on  a  truly  scientific  basis.     Before  this,  to  dear  the 
ground  of  difficulties  and  obstacles  was  the  indispensable  work. 
Although  receiying  from  all  in  authority  much  support,  the  leading 
Jiotion  of  the  kind  of  work  for  him  to  do  was,  to  go  from  place  to 
place,  and,  without  loss  of  time,  to  try  to  discover  coal  and  other 
minerals  of  economic  value.     You  are  probably  acquainted  with  the 
first  volume  of  the  *  Memoirs  of  the  Geological  Survey  of  India,' 
which  appeared  in  1859,  containing  nine  treatises — four  by  Mr%  Old- 
ham himself,  the  others  by  difierent  gentlemen  attached  to  the  Survey 
—accompanied  by  numerous  maps  on  a  large  scale  and  many  illus- 
trations.    A  second  volume  has  just  been  issued  from  the  (Mcutta 
press,  containing,  a  memoir  on  the  northern  part  of  Bundelcund,  by 
Mr.  Henry  Medlicott ;  a  very  extensive  one  on  the  central  portion 
of  the  Nerbudda  district,  by  Mr.  Joseph  Medlicott ;  and  one  by  Mr. 
Oldham,  **  on  the  Geological  Relations  and  probable  Gtological  Age 
of  Eocks  in  Central  India  and  Bengal."    In  a  letter  which  I  re- 
ceived from  him,  dated  last  December,  he  states — ''You  will  at 
once  see  that  we  have  been  compelled  to  establish  several  new 
groups  to  receive  (provisionally)  the  various  rocks  we  have  had  to 
deal  with.    This  has  been  necessary  as  well  as  usefiil,  inasmuch  as 
for  many,  and  these  some  of  the  most  widely  extended  and  most 
important  groups  of  rocks,  we  had  no  definite  horizon  from  which 
to  work  either  up  or  down.     Over  thousands  and  tens  of  thousands 
of  square  miles  we  have  not  found  a  fossil, — some  vegetable  remains 
affording,  at  the  best,  imperfect  evidence.     The  richly  fossiliferous 
rocks  of  the  Himalaya  and  Sub-himalaya  are  widely  separated  from 
all  the  rocks  of  the  peninsula  by  the  broad  expanse  of  the  alluvium 
which  unites  the  valleys  of  the  Ganges  and  Indus;  and  wo  are 
therefore  unable  to  trace  out  any  superposition." 
.    Mr.  Oldham  has  sent  me  thirty-five  folio  plates  of  the  fossil  flora 
of  the  Rajmahal  Hills,  executed  in  lithography  in  Calcutta.     He 
was  told  that  such  work  could  not  be  executed  in  India ;  but  he 
is  not  a  man  to  be  frightened  by  difficulties :  risking  a  consider- 
able personal  outlay  for  stones,  presses,  and  paper,  he  persevered, 
imdaunted  by  early  failures,  and  succeeded.     Another  proof  of  his 
energy  is  the  Museum  of  Practical  Geology  in  Calcutta,  and  the  Geo- 
logical Library  attached  to  the  Survey.     When  we  consider  the  vast 
range  of  country  over  which  the  survey  extends,  and  the  serious  ob- 
stacles to  field-work  in  such  a  climate,  we  cannot  too  greatly  admire 
the  devoted  zeal  displayed  by  Mr.  Oldham  and  the  gentlemen  who 
conduct  the  surveys  imder  his  superintendence.     It  is  to  be  hoped 
that  Annual  Reports,  such  as  that  presented  by  Mr.  Oldham  last  year, 
setting  forth  the  many  excellent  works  which  cannot  fail  to  have 
the  most  beneficial  influence  upon  the  material  prosperity  of  the 
Indian  Empire,  will  secure  the  zealous  and  liberal  support  of  its 
Government.    Let  us  also  hope^  for  the  sake  of  our  science^  that  a 
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fidd  80  sure  to  yield  &ctB  of  the  highest  interest  will  long  continue 
to  be  explored  by  men  aa  worthy  of  confidence  in  their  ability  at 
those  to  whom  the  great  tnist  is  now  oonfided. 

Thd  last  year  has  been  signalized  by  the  publication  of  the  re-* 
markable  work  of  Mr.  Darwin, '  Ok  the  OBionr  of  Species/  which 
has  excited  no  ordinary  degree  of  attention  both  at  home  and 
abroad.     I  do  not  presume  to  offer  any  opinion  on  its  merits,  be- 
cause my  previous  studies  have  not  been  of  a  kind  to  qualify  me  to 
be  a  oompetent  judge.    But  no  one,  however  unprepared,  can  fail 
to  be  struck  with  the  truly  philosophic  modesty  and  candour  of  .the 
author.     His  acute  and  well-stored  mind  had  been  directed  to  the 
fabject  fbr  more  than  twenty  years,  during  which  time  he  accumu- 
kted  a  vast  mass  of  facts,  and  had  carried  on  numerous  ingenious 
experiments.    These  he  has  exhibited  in  detail  before  his  readers, 
and  has  calmly  stated  the  conclusions  to  which  they  have  appeared 
to  him  to  lead;  and  so  far  firom  stating  those  conclusions  in  any 
Riirit  approaching  to  dogmatism,  he  has  seen  and  even  imagined  the 
oirjections  which,  as  he  himself  says,  might  be  justly  urged  against 
his  theory ;  and  in  his  replies  he  shows  no  desire  for  victory,  unless 
wtm  by  the  arms  of  sound  reasoning.     It  has  been  observed  by  a 
critio  of  no  ordinary  power,  by  one  eminently  qualified  to  sit  in 
judgment  on  such  a  work,  that  ''all  competent  naturalists  and 
^ysiologists,  whatever  their  opinions  as  to  the  ultimate  fate  of  the 
doctrines  put  forth,  acknowledge  that  the  work  in  which  they  are 
embodied  is  a  solid  contribution  to  knowledge,  and  inaugurates  a 
new  epodi  in  Natural  History."    The  writer  adds, ''  our  object  has 
been,  in  this  criticism,  to  give  an  intelligible  account  of  the  esta- 
blished fiMits  connected  with  species,  and  of  the  relation  of  the  expla- 
nation of  theee  facts  offered  by  Mr.  Darwin  to  the  theoretical  views 
hold  by  his  predecessors  and  his  contemporaries,  and,  above  all,  to 
xho  rtMplirements  of  scientific  logic.    We  have  ventured  to  point  out 
that  it  does  not  as  yet  satisfy  aU  these  requirements ;  but  we  do  not 
b^jdtate  to  assert  that  it  is  as  superior  to  any  preceding  or  contem- 
porary hypothesis  in  the  extent  of  observation  and  experimental 
bd.>is  on  which  it  rests,  in  its  rigorously  scientific  method,  and  in 
iti  power  of  explaining  biological  phenomena,  as  was  the  hypothesis 
of  Copernicus  to  the  speculations  of  Ptolemy.     We  should  leave  a 
very  wrong  impression  on  the  reader's  mind  if  wo  permitted  him  to 
suppose  that  the  value  of  this  work  depends  wholly  on  the  justifica- 
tion of  the  theoretical  views  which  it  contains.     On  the  contrary, 
if  they  were  disproved  tomorrow,  the  book  would  still  be  the  best 
of  its  kind,  the  most  con^endious  statement  of  woU-sifted  fsu^ts 
bearing  on  the  doctrine  of  species  that  has  ever  appeared."    If 
common  report  and  intrinsic  evidence  are  to  be  relied  upon,  the 
author  of  tiie  above  criticism  is  no  less  a  person  than  our  distin- 
guished Secretary,  Professor  Huxley. 

lliere  are  two  chapters,  however,  in  the  work,  upon  which  I 
voitiiie  to  ctfer  this  opinion,  that  it  becomes  almost  a  duty  of  the 
tniumt  €if  this  Society^  on  an  occasion  like  the  present,  to  recom- 
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mend  to  the  carcfiil  study  of  geologists.  I  refer  to  Chapter  IX.,  "  On 
the  Imperfection  of  the  Geological  Record,"  and  to  the  following 
chapter,  "  On  the  Geological  Succession  of  Organic  Beings."  They 
will  do  well  to  study  with  great  attention  their  valuable  contents. 
They  will  there  be  taught  a  most  useful  lesson  of  the  caution  to  be 
exercised  in  drawing  conclusions  from  organic  remains  which  may 
involve  the  grave  questions  of  the  age  and  correlation  of  formations; 
and  when  disposed  to  name  an  imagined  new  species,  they  wiU  be 
reminded  that  "  naturalists  have  no  golden  rule  by  which  to  di- 
stinguish species  and  varieties,"  and  they  will  learn  to  pause  until 
they  feel  assured  that  no  sources  of  mistake  have  been  overlooked. 

It  would  be  both  useful  and  interesting  if  the  annual  Presidential 
Address  were  to  contain  a  summary  of  the  most  prominent  geological 
memoirs  contained  in  the  Transactions  and  Journals  of  foreign 
coimtries ;  but  the  field  over  which  the  researches  in  geology  now 
extend  is  so  vast,  that  it  is  beyond  the  power  of  any  individual  to 
give  even  a  brief  sketch  of  the  labours,  in  a  single  year,  of  its  more 
eminent  foreign  cultivators.  Were  the  limits  within  whidi  an  ad- 
dress of  this  kind  ought  to  bo  confined  in  itself  no  obstacle,  there  is 
the  manifest  impossibility  for  any  one  individual  to  possess  that  ao 
quaintance  with  what  has  been  done  in  the  past  year  in  chemistiy^ 
mineralogy,  physics,  botany,  and  zoology,  which  would  enable  him 
to  touch  upon  even  the  salient  points  in  those  branches  whidi  bear 
upon  our  science ;  and,  as  you  are  aware,  geology  lays  every  one 
of  them  under  contribution.  But  although  a  review  of  our  own 
proceedings  be  unnecessary,  and  a  summary  of  the  labours  of  foreign 
cultivators  of  natural  science  bo  impracticable,  our  annual  meetings 
are  fit  occasions  for  calling  the  attention  of  our  Fellows  to  some  of 
the  more  important  subjects  which  have  more  recently  occupied  the 
attention  of  geologists.  Among  those,  the  researches  in  what  may 
appropriately  be  called  Chemical  Geology  occupy  a  prominent  placob 

The  application  of  chemistry  to  the  explanation  of  geological  phe- 
nomena has  hitherto  received  more  attention  on  the  continent  than 
with  us.  The  greater  features  of  the  earth's  structure  and  palseon-^ 
tology  in  its  various  branches  have,  with  few  exceptions,  been  the 
chief  study  of  British  geologists.  When  organic  remains  no  longer 
present  themselves  in  the  older  formations,  or  are  nearly  obliterated 
in  the  newer,  the  term  metamorphic  has  become  very  current ;  but 
the  origin  of  metamorphism  (that  is,  the  exciting  causes  of  the  mole^* 
cular  actions  by  which  it  could  have  been  brought  about  in  accord- 
ance with  known  chemical  laws)  has  rarely  been  a  subject  of  in- 
vestigation with  us.  Metamorphism  i^ust,  in  every  case,  be  the 
result  of  chemical  action ;  and  we  can  only  arrive  at  a  just  concep- 
tion of  the  processes  by  which  the  various  forms  under  which  it 
presents  itself  could  have  been  produced,  by  illustrations  afforded  by 
experiments  in  the  laboratory,  under  the  guidance  of  an  accurate 
acquaintance  with  chemical  agencies  and  the  laws  of  combination 
among  mineral  elements.  So  also  it  is  only  by  the  same  safe 
guidance  that  we  can  hope  to  arrive  at  a  right  loiowledge  of  tht 
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nature  of  the  cniptiye  rocks,  of  the  changes  which  nearly  all  the 
stratified  rocks,  of  all  ages,  have  more  or  less  undergone  since  their 
ctmstitacnt  dctrital  parts  were  first  deposited,  whereby  loose  mud 
and  sand  haye  been  converted  into  hard  and  oftien  crystalline  rocks, 
of  the  formation  of  the  accessory  simple  minerals  which  many  of  the 
strata  include,  and  of  the  complex  phenomena  of  mineral  veins.  In 
the  whole  range  of  palaBontology  even,  there  is  scarcely  a  single 
oifpanism  that  exists  in  its  pristine  state ;  neither  shell,  bone,  nor 
plant  remains  in  the  condition  it  was  when  first  entombed.  The 
great  problem,  by  what  process  vegetable  matter  has  been  converted 
into  bituminous  coal,  is  still  unsolved.  Not  only  in  early  times,  but 
even  at  no  distant  period,  it  has  not  been  uncommon  for  geologists 
to  build  up  theories  by  invoking  the  aid  of  chemical  solutions  and 
vapours,  without  even  an  attempt  to  show  that  such  agencies  were 
even  possible.  It  will  doubtless  be  ever  impossible  for  us  to  subject 
substances  to  operations  in  our  laboratories  more  than  resembling  in 
idnd  those  which  we  suppose  them  to  have  undergone  in  the  interior 
of  the  earth,  in  order  to  produce  metamorpbism,  or  to  form  eruptive 
rocks  and  mineral  veins ;  we  can  never  know  the  efiect  of  processes 
continmng  under  enormous  pressure  for  thousands  of  years ;  but  we 
may  obtain  results,  on  a  small  scale,  so  closely  resembling,  indeed 
often  identical  in  composition  and  form,  natural  productions,  as  to 
entitle  us  to  infer  that  the  processes  of  nature  have  been  analogous 
to  those  which  we  have  employed. 

The  celebrated  experiments  of  Sir  James  Hall,  more  than  half  a 
eentuiy  ago,  on  the  efiects  of  heat  modified  by  compression,  may  be 
said  to  have  formed  an  epoch  in  the  history  of  theories  of  the  earth. 
They  were  undertaken  for  the  purpose  of  testing  the  soundness  of 
Uie  theory  advanced  by  Button,  that  rocks,  including  limestone,  had 
been  consolidated  by  the  effect  of  heat  under  poweiful  compression, 
which  he  had  been  accustomed  to  discuss  with  that  illustrious  philo- 
sopher. Hall,  then  a  young  man,  was  not  convinced  by  the  argu- 
ments of  his  master  in  geology,  and  especially  as  they  apphed  to 
carbonate  of  lime,  a  substance,  which,  as  he  said,  every  limekiln 
showed  to  be  changed  in  its  nature  by  heat.  But  fearing  that  the 
results  of  the  experiments  he  was  contemplating  would  not  confirm 
the  bold  hypothesis,  from  tenderness  for  the  then  declining  health  of 
the  amiable  old  man,  he  postponed  them  until  after  his  death  in 
1797.  He  was  patient  in  his  researches ;  for  they  were  carried  on 
for  several  years,  and  amounted,  as  he  states,  to  the  large  number 
of  156.  He  was  no  less  cautious  in  drawing  his  conclusions ;  for, 
although  the  results  he  was  obtaining  were  known  to  Playfedr  and 
his  other  geological  Mends,  he  first  made  them  known  to  the  public 
by  his  memoir  read  before  the  Royal  Society  of  Edinburgh  on  the 
^  of  June,  1805.  His  experiments,  though  varied  in  form,  were 
similar  in  khid.  He  subjected  finely  pulverized  common  limestone, 
sometimes  pulverized  calcareous  spar,  enclosed  in  gun-barrels  or  in 
tubes  bored  in  masses  of  wrought-iron,  firmly  pressed  down  and 
hermetically  sealed,  in  a  furnace  to  an  intense  heat.  With  regard 
to  the  pressure,  Sir  James  Hall  states  that  he  tried  various  amounts : 
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52  atmospheres,  equal  to  1700  feet  of  sea ;  86,  answering  to  nearly 
3000  feet ;  and  173,  to  6700  feet  of  sear— that  is,  a  little  more 
than  a  mile.  The  results  were,  that  under  the  first  of  these  pres- 
sures the  powder  was  changed  into  a  compact  limestone,  imder 
the  second  to  a  marble,  and  under  the  last  it  underwent  complete 
^ion,  and  acted  powerfully  on  other  rocks.  He  states  that  on  ex- 
hibiting a  specimen  of  the  saccharoid  marble  to  the  workman  he 
employed  to  polish  it,  the  man  observed  that,  if  it  were  a  little 
whiter,  the  quarry  from  which  it  had  been  taken  would  be  of  great 
value. 

The  soundness  of  the  conclusions  to  which  Hall  arrived  has  been 
lately  called  in  question  by  Dr.  Gustav  Hose,  Professor  of  Geol<^ 
in  the  University  of  Berlin,  in  a  memoir  published  in  the  *  Monats- 
bericht '  of  the  Berlin  Academy  for  July  last,  giving  an  account  of 
two  experiments  on  the  effect  of  a  powerful  heat  on  earthy  lime- 
stone enclosed  in  a  gun-barrel  hermetically  sealed, — experiments  so 
far  analogous  to  some  of  those  of  Sir  James  Hall.  The  barrel  was 
placed  in  a  newly  erected  gas-furnace,  in  which  the  heat  was  suffi- 
ciently great  to  melt  easily  large  masses  of  platina.  He  describes 
the  changes  which  the  earthy  limestone  was  found  to  have  under- 
gone, and  thus  concludes: — "From  these  experiments  it  would 
appear  that  chalk  and  compact  limestone,  when  subjected  to  a  high 
temperature  in  a  closed  space,  are  not  changed  into  distinct  crystalline 
spar,  and  that,  as  a  general  fact,  rhombpidal  carbonate  of  lime  is  not 
formed  by  the  so-called  dry  process.  When  the  descriptions  of  Hall's 
experiments,  as  well  as  those  which  Bucholz  afterwards  made  with 
the  same  object,  are  examined,  it  appears  extremely  probable  that 
the  results  were  what  the  authors  describe,  but  that  tney  mistook  the 
hard-baked  but  unaltered  chalk  for  crystalline  marble.  Although 
those  experiments  of  Hall  have  been  so  much  quoted,  as  affording 
an  explanation  of  geological  phenomena,  and  in  support  of  theoreticfd 
Views,  they  have  not  received  any  confirmation  from  having  been 
repeated  by  others ;  and  the  experiments  of  the  present  author  show 
how  hasty  the  general  conclusions  were  which  were  drawn  from 
them." 

With  every  respect  for  my  friend  the  Professor,  I  think  that  I 
may  turn  round  upon  him  and  say  that  he  has  been  somewhat  hasty 
in  considering  that  his  experiments  prove  that  mistakes  were  made 
by  Hall  in  his  descriptions  of  the  results  of  his  numerous  experiments, 
all  agreeing  while  obtained  in  so  many  different  ways ;  for  the  Pro- 
fessor states  that  in  both  of  his  experiments  the  gun-barrel  burst 
(at  what  stage  of  the  experiment,  he  does  not  say);  and  thus  one  of  the 
essential  conditions  in  Hall's  experiments  was  wanting,  viz.  continued 
great  pressure.  I  consider  therefore  that  these  experiments  of  Pro- 
fessor Bose  in  no  degree  invalidate  those  of  Hall,  so  long  considered 
to  support,  in  no  inconsiderable  degree,  the  hypothesis  of  Hutton. 

In  1816  Professor  Hausmann  of  Gottingen  drew  attention  to  the 
explanation  of  geological  phenomena  by  observations  on  some  products 
obtained  from  smelting-fumaces.  Jbnong  the  most  remarkable  re- 
sults of  the  condensation  of  the  vapours  of  smelting-fdmaoes  is  the 
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formation  of  csrystaLi  of  felspar,  which  have  been  frequentlj  found  in 
the  oopper^works  of  Mansfeld — the  more  remarkable  as  all  attempts 
to  obtain  them  by  direct  fdsion  have  hitherto  failed.  The  first  direct 
synthetic  experiments  to  obtain  minerals  artificially  by  igneous 
ftuion  were  made  successfully  by  Berthier,  followed  in  1823  by 
Mitscherlich.  They  obtained  many  crystallized  simple  mineraLs 
identical  with  those  of  nature.  These  researches  for  a  long  time  led 
to  the  belief  that  fiuidity  by  heat  could  alone  have  yielded  such 
reaults  ;  but  within  the  last  few  years,  and  especially  within  a  short 
time,  other  researches  have  produced  a  conviction  that  water,  com- 
Mned  with  heat  and  pressure,  must  have  acted  a  very  important 
pait  in  most  of  the  operations  ascribed  to  the  action  of  heat  and 
pressure  only,  from  the  earliest  periods  of  geological  time. 

That  an  enormous  pressure  must  take  efiect,  even  at  moderate 
depths,  is  self-evident ;  and  that  a  very  high  temperature  prevails  in 
the  interior  of  the  earth  is  proved  by  the  existence  of  volcanos  in  all 
parts  of  the  earth,  which  from  time  to  time  pour  forth  streams  of 
molten  incandescent  rock ;  and  that  a  beat  sufficient  to  keep  rocks 
in  a  fused  or  viscid  state  has  existed  from  the  earliest  geological  time 
is  made  manifest  by  the  veins  and  intruding  masses  of  granite  and 
the  other  eruptive  rocks  that  penetrate  all  formations,  from  the 
ddest  to  the  newest  strata ;  for  the  cone  of  trap  that  traverses  the 
Carboniferous  rock  and  rises  to  the  summit  of  Arthur's  Seat,  Edin- 
burgh, is  now  believed  to  be  of  tertiary  age.  That  this  internal 
heat  is  permanent  is  farther  demonstrated  by  the  increase  of  tem- 
perature as  we  descend  fh)m  a  short  distance  below  the  surface,  in 
all  parts  of  the  earth  where  the  experiment  has  been  made.  Wo 
have  thus  undoubted  proof  of  the  existence  of  two  of  the  three  great 
active  agents  in  the  laboratory  of  nature,  heat  and  pressure. 

Without  assuming  the  existence  of  great  internal  supplies  of 
water  or  its  elements,  there  can  be  no  doubt  that  it  must  exist  in 
the  interior  of  the  earth  to  a  vast  extent.  The  amount  of  that 
which  is  carried  off  by  rivers  must  bear  a  small  proportion  to  that 
which,  foiling  fh)m  the  atmosphere  upon  the  wide-extended  surface 
of  the  land,  must  be  carried  to  great  depths  through  porous  rocks, 
and  by  the  innimierable  cracks  and  fissures  by  which  every  rock  is 
more  or  less  traversed.  The  existence  of  subterranean  rivers  and 
of  accumulations  of  water  at  great  depths  is  proved  by  artesian 
wells ;  and,  as  we  know  no  limits  to  the  downward  extent  of  faults 
and  fissures,  there  is  every  probability  that  much  of  the  water  that 
falls  on  the  surface  must  penetrate  to  depths  where  a  high  tem- 
perature exists ;  as  is  shown  by  hot  springs,  the  temperature  of  which 
we  know  to  have  continued  undiminished  for  centuries,  and  by  the 
enormous  volumes  of  watery  vapour  poured  forth  by  volcanos.  It 
probably  reaches  depths  where  the  heat  will  bring  it  not  only  to  the 
boiling-point,  but,  under  great  pressure,  to  a  far  higher  temperature. 
Aecoiding  to  the  researches  of  Mr.  Bobcrt  Hunt,  the  rate  of  increase 
of  temperature,  from  about  100  feet  below  the  surface,  is  P  of  Eabr. 
for  every  50  feet  in  penetrating  through  the  first  100  fathoms ;  1^ 
for  every  70  feet  in  ^e  next  100  fathoms ;  but  when  the  depth  ex- 
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cceds  200  fathoms,  the  increase  is  only  1°  for  every  85  feet  of 
depth*.  Supposing  the  increase  for  greater  depths  to  be  at  the 
average  rate  of  1°  for  every  100  feet,  the  temperature  of  the  melting- 
point  of  cast-jron,  viz.  2786°  of  Fahr.t,  will  exist  at  a  depth  of 
somewhat  less  than  44^  miles,  that  is  -j^th  of  the  earth's  equatorial 
radius.  A  cubic  inch  of  water  at  21^  expands  to  nearly  a  cubic 
foot  of  steam,  or,  more  accurately,  to  1696  times  its  volume.  By  an 
addition  of  the  pressure  of  one  atmosphere,  the  mercury  standii^  At 
30  inches,  the  boiling-point  is  raised  from  212°  to  249° ;  and  by  con- 
tinuing the  heat,  without  allowing  the  steam  to  escape,  the  boiling- 
point  rises  still  higher ;  and  the  elasticity  of  the  steam  increaises  with 
increasing  rapidity  as  the  temperature  rises.  By  the  experiments 
of  B^Tiault,  it  has  been  shown  that  by  a  pressure  of 
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As  the  temperature  rises  by  equal  additions  of  heat,  the  increase  of 
elasticity  is  more  rapid  at  high  than  at  low  temperatures.  But  it  is 
only  when  in  contact  with  a  body  of  water  from  which  fr'esh  steam 
is  constantly  rising  that  the  elasticity  augments  in  this  manner,  and 
thus  produces  a  force  sufficient  to  rend  asunder  the  strongest  vessels. 
If  dry  steam  alone  be  heated,  it  follows  the  law  which  regulates  the 
expansion  and  elasticity  of  gaseous  bodies  in  general^.  Thus,  in- 
dependently of  the  action  of  water  as  a  constituent  of  mineral  sub- 
stances, wo  may,  with  every  degree  of  probability,  cpnsidcr  high- 
pressure  stoam  to  have  been  the  power  which  rent,  shattered,  and 
elevated  the  sedimentary  strata  in  all  geological  periods,  which 
drove  the  softer  granites  and  trappean  rocks  into  rents,  and  protruded 
them  to  the  surface,  producing  the  jagged  fractures  of  the  upheaved 
strata — that  evident  snapping  of  a  hard  substance,  leaving  splintered 
ends  and  edges.  *'  In  the  Alps  of  Switzerland  and  Savoy,  we  find  the 
most  stupendous  monuments  of  mechanical  violence,  by  which  strata 
thousands  of  feet  thick  have  been  bent,  folded,  and  overturned, 
marine  secondary  formations  upheaved  to  the  height  of  12,000,  and 
some  eocene  strata  to  10,000  feet  above  the  level  of  the  sea§."  To 
what  more  probable  agency  than  that  of  high-pressure  steam  can  we 
ascribe  such  effects  ? 

The  powerful  part  which  water  has  played  in  the  formation  of 
minerals  and  rocks  is  shown  in  a  very  clear  manner  by  Professor 
Gustav  Bischof  of  Bonn,  in  his  elaborate  '  Lehrbuch  der  Chemischen 
und  Physikalischen  Geologic,'  in  four  8vo  volumes,  the  first  published 
in  1847,  the  last  in  1855,  showing  a  vast  amount  of  indomitable 

•  Sorby,  Quarfierlj  Journal  of  Geological  Society,  toL  xIt.  p.  49ft. 
t  Miller's  Chemistry,  toL  i.  p.  194.  {  lb,  roll  p.  25a 

{  Lyell,  Manual  of  Geology,  5th  ed.,  p.  021. 
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peneverance  in  laborious  research  so  peculiarly  characteristic  of  his 
countrymen.  His  recorded  experiments  extend  over  a  period  of 
more  than  thirty  years.  His  '  Lehrbuch,'  even  in  the  English  trans- 
lation in  a  condensed  form  (executed  with  the  cooperation  of  the 
anthor,  under  the  auspices  of  the  Cavendish  Society),  does  not  appear 
to  have  received  fipom  the  geologists  of  this  country  a  due  attention, 
while  he  is  constantly  referred  to  as  a  high  authority  by  the  most 
eminent  geologists  of  Prance  and  Germany. 

The  agency  of  water  in  the  formation  of  minerals  was  shown  nearly 
forty  years  ago  by  Becquerel,  who  succeeded  in  obtaining  by  a  humid 
process  galena,  sulphuret  of  antimony,  and  other  minerals  occurring 
in  veins.     M.  Scheerer*,  in  an  elaborate  memoir  on  the  plutonic 
nature  of  granite,  in  1846,  on  a  review  of  the  chemical  and  mechanical 
constitution  of  that  rock,  and  of  the  many  accessory  minerals  it  often 
contains,  and  especially  their  different  degrees  of  fusibility  and  the 
different  temperatures  at  which  they  crystallize,  arrived  at  the  con- 
clusion that  the  various  phenomena  they  exhibit,  as  simple  minerals 
and  in  combination  as  a  rock,  can  only  be  explained  by  the  com- 
bmed  action  of  heat  and  water.    He  teUs  us  that  he  began  to  study 
the  granitic  rocks  of  Norway  in  1833,  fully  impressed  with  a  belief 
in  the  plutonic  (that  is,  the  solely  igneous)  origin  of  granite,  but 
that  the  result  of  a  most  careful  research  was  an  entire  overthrow 
of  his  early  creed,  and  that  '*  Tidee  la  plus  juste  que  Ton  pent  so 
former  sur  I'origine  de  ces  roches  est  ceUe  qui  attribuerait  aux  deux 
dements,  k  I'eau  et  an  feu,  une  ^gale  puissance  cr^atrice."    M.  Elie 
de  Beaumont,  in  1847,  in  his  very  instructive  essay  "  Sur  les  Ema- 
nations volcaniques  et  m^tallif^res,"  brings  forward  numerous  in- 
stances which  appear  to  him  to  prove  the  existence  of  water  in  the 
constitation  of  eruptive  rocks  and  mineral  veins.     Thus,  while  the 
igneous  fusion  of  granite  is,  in  his  opinion,  proved  beyond  all  doubt 
by  many  phenomena  that  accompany  it,  he  considers  it  to  be  no 
less  capable  of  proof  that  water  must  have  entered  into  its  compo- 
sition while  in  that  state.    He  observes  that  M.  Scheerer  of  Chris- 
tiania  has  given  many  reasons  why  granite  in  fusion  must  have 
eontained  water,  that  it  was  in'  combination  with  it  at  the  time  of 
its  eruption,  and  that  it  was  retained  until  after  the  final  cooling  of 
the  granite ;  for  many  simple  minends  containing  water  as  a  coh- 
stituent  are  found  in  that  rock.     M.  de  Beaumont  conceives  that 
there  is,  in  truth,  no  reason  against  believing  that  granite  contained 
water  at  the  time  of  its  eruption ;  for  the  lavas  of  existing  volcanos, 
at  the  time  of  their  ejection,  contain  a  large  amount  of  water, 
which  in  part  separates  in  the  form  of  vapour,  but  is  not  entirely 
dissipated  for  many  years  f.     In  treating  of  different  kinds  of 

*  Bulletiii  de  k  Soe.  G^L  de  Franco,  2de  s^rie,  toL  iv.  p.  468. 

t  **  Dans  les  exhalaisonB  yolcaniqaes,  il  est  un  corps  ^tu  n*a  pas  tout  d*abord 
ftxi  rattention,  paroe  que,  sous  Tempire  des  id^  ancieimes,  il  semblait  tout  k 
fnt  ineiie^  sortout  en  presence  des  min&raux  dont  il  s'agit  d*exp1iquer  la  forma- 
tion, mais  auqoel  pourtant  le  premier  role  pardt  deyoir  dtre  d^rolu,  dans  les 
ph^omtoes  mMamorphiques  aussi  bien  que  dans  les  Eruptions  des  Tolcans:  oe 
oorps  flfflit  reau,  qoi  se  trouve  dans  ces  exhalaisons,  non  en  quantity  minime, 
eomiMlei  fi^pearti  maiS)  aacontRure,  comme  le  produit  Ala  fois  le  plus  abondant 
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quartz,  he  states  that  it  is  probable  that  water  has  played  a  part 
in  the  fonnation  of  all  of  them*. 

The  powerful  action  of  water  at  a  high  temperatare,  under  great 
pressure,  upon  mineral  substances  has  been  recently  most  satis- 
factorily proved  by  the  synthetic  experiments  of  M.  Daubr^f.  In 
stating  the  object  of  his  researches,  he  observes — '<  No  one  it  un- 
acquainted with  the  results  obtained  long  ago  by  Berthier  and 
MitscherHch,  and  more  recently  by  Ebelmen,  regarding  the  forma- 
tion of  silicates  at  high  temperatures  by  means  of  fiision.  Thus, 
while  the  dry  process  yielded  by  various  methods  dystalli^  anhy- 
drous silicates,  some  of  which  are  identical  with  those  found  in 
metamorpbic  rocks,  it  had  hitherto  been  found  impossible  to  obtain 
similar  imitations  by  the  humid  process.  Synthetic  experiments, 
guided  by  geological  induction,  could  alone  solve  the  question,  Sueh 
is  the  aim  of  those  in  which  I  have  endeavoured  to  bring  into  play 
affinities  capable  of  producing  Hke  combinations."  He  enclosed  the 
minerals  he  operated  upon  in  a  glass  tube  partially  filled  with  water, 
which  he  inserted  in  a  strong  iron  tube,' between  which  and  the  glase 
tube  water  was  poured,  to  counterbalanoe  the  tension  of  the  vapour 
in  the  glass  tube,  whidi  would  have  caused  it  to  burst.  The  iron 
tube  being  firmly  closed  by  a  screw,  was  placed  in  a  bed  of  charcoal 
powder,  and  exposed  for  several  weeks  to  the  heat  of  a  gas-making 
furnace,  in  which  the  heat  could  not  be  less  than  850^  Fahr,,  and 
when  taken  out  was  allowed  to  cool  gradually.  With  all  the  preoao-* 
tions  he  could  take,  so  great  was  the  tension  of  the  vapour,  that,  of 
the  many  experiments,  two  tubes  out  of  three  exploded. 

After  being  exposed  to  the  heat  of  the  furnace  for  a  week,  the 
structure  of  the  ^ass  was  no  longer  recognizable.  It  was  entirely 
changed  into  a  white  substance,  perfectiy  opake,  and  adhering  to  the 
tongue,  exactiy  resembling  kaolin.  In  some  of  the  experiments  the 
form  of  the  tube  was  preserved,  but  in  others  the  glass  was  reduced 
to  a  white  powder.  Entirely  new  combinations  ^d  been  formed : 
the  water  had  become  highly  charged  with  an  alkaline  silicate ;  and 
the  opake  substance,  which  at  first  sight  had  appeared  amorphous,  was 
found  to  be  entirely  composed  of  crystalline  elements.  They  were 
seen,  even  without  the  aid  of  a  magnifying  glass,  to  consist  of  limpid 
colourless  crystals,  having  the  ordinary  l^pyramidal  form  of  quartz 
and  its  usual  appearance ;  they  were,  in  fact,  no  other  than  crystallized 

et  ploB  constant  det  ^ruptiont,  dans  toutes  les  r^ons  du  globe.  La  nngnlidre 
propria  que  poas^ent  les  silicates  incandeeoents  des  laves  de  retenir  pendant 
fort  longtempe,  et  jusqu'au  moment  de  leur  solidification,  des  qiiantii&  d'eaa 
considerables,  d^ontre  clairement  que  Taction  de  la  chaleur  n*exoiut  pas  celle  de 
VeaUf  et  j^aralt  annonoer  que  oette  demi^re  a,  mdme  k  ces  hautes  temp^raturei^ 
une  certame  afiinit^  pour  les  silicates.  Nous  ne  oonnaissons  des  masses  ntofes  i 
une  oertaino  profondeur  dans  notre  globe  que  oe  qu'en  apporteot  lea  voUsaas:  or 
ces  d^ections  renferment  toutes,  sans  exception,  de  I'eau,  soit  combing  aeit 
m^langte ;  nous  sommes  done  en  droit  de  penser  que  Teau  ioue  iin  vifiLe  toufc  4 
fait  important  dans  lesprincipanx  pbtoom^nes  qui  6manent  cLpi  profond0iiit."«>^ 
DoMhrfe,  Etudes  et  Experiences  Sj^thitiques  sur  le  Mitamorpkisms,  p.  86. 

ft  Bulletin  de  la  Society  Oteloo^ue  de  France,  2de  s^rie,  vol  iy.  p.  1S48. 

t  ObeenratJoni  mr  le  m^tamorAiime,  et  reohetobet  eiptomentiUet  my  qps^^qprn 
UDS  dM  sgttti  qui  oat  pa  le  praouiie. 
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lilica.  8ome  crystalfi  formed  in  this  way,  at  the  end  of  a  month, 
attained  the  size  of  two  millimetres  (='07874  inch).  They  were 
often  insulated  in  an  opake  paste,  sometimes  adhering  to  the  sides 
of  the  tube,  forming  true  geodes,  impossible  to  distinguish,  except  in 
use,  from  those  which  crystalline  schists  often  contain.  The  white 
Bobstance  which  forms  the  greater  part  of  the  residue  of  the  trans* 
formation  of  the  glass  is  not  amorphous,  but  forms  adcular  ciystals 
which  cannot  be  better  compared  than  to  the  dust  of  fibrous  horn- 
blende passing  into  asbestus.  They  proved  on  analysis  to  be  com-* 
posed  of  constituents  nearly  identical  with  woUastonite.  M.  Daubr^ 
adds,  '*  It  is  impossible  to  look  without  astonishment  upon  so  corn- 
pLete  a  change  in  the  physical  and  chemical  condition  of  glass  obtained 
by  a  very  small  quantity  of  water,  in  weight  not  exceeding  one-half 
of  that  of  the  glass  so  transformed."  Under  the  same  conditions, 
moreover,  water  exerts  an  influence  on  crystallization  of  the  most 
remarkable  kind  on  quartz  and  the  silicates.  At  a  temperature  of 
about  850*^  it  dissolved  the  elements  that  had  been  combined  in  the 
g^asa  by  a  much  more  powerful  heat,  but  without  its  intervention. 
Its  vapour,  under  the  conditions  of  the  experiments,  by  reason  of  its 
aoquirod  temperature  and  density,  acts  chemically  like  water  in  the 
fluid  state. 

In  the  presidential  address  of  my  predecessor.  Professor  PhiUips, 
in  1859,  mention  is  made  of  the  observations  of  M.  Daubr^,  of 
Strasbourg,  on  the  hot  springs  of  Plombi^res,  then  recently  made 
known ;  and  I  now  recur  to  them  in  greater  detail  because  of  their 
important  bearing  on  the  subject  to  which  I  am  now  endeavouring 
to  call  your  earnest  attention,  namely,  the  increasing  conviction  on 
the  minds  of  geologists,  produced  by  experiments  in  the  laboratory, 
that  water  must  have  played  a  most  important  part  in  the  origin  of 
nmple  minerals,  of  the  eruptive  rocks,  and  in  metamorphic  action. 
K.  Baubrde  made  the  experiments  above  described  with  the  water 
of  those  springs  concentrated  to  a  twentieth  of  its  volume,  and  ha 
also  made  a  careful  examination  of  their  effects  upon  the  mineral 
substances  over  which  they  flow.  They  rise  on  the  south-west  flank 
of  the  Vosges  Mountains,  and  issue  from  a  porphyritic  granite, — the 
temperature  of  the  hottest  being  78^  C.  («172i°F.),  and  others 
from  16^  to  S(P  C.  («5d°  to  86°  F.).  They  contain  only  a  minute 
quantity  of  saline  matter,  not  more  than  half  a  grain  to  the  quart ; 
but  silicate  of  potash  predominates.  The  Komans  had  formed  in 
it  a  thick  mass  of  concrete,  with  channels  or  gutters,  to  convey  the 
water  to  the  baths  which  they  constructed  in  that  place,  and  which 
still  exist.  It  is  composed  partly  of  bricks  and  paitly  of  the  neigh- 
bouring bunter-sandstein,  united  by  a  mortar  of  lime  without  sand. 
This  concrete  is  about  10  feet  thick ;  and  M.  Daubr^  found  that  the 
water  has  filtered  through  the  crevices  of  the  mortar  in  a  continuous 
stream.  The  calcareous  cement  and  even  the  bricks  themselves  have 
been  partially  metamorphosed.  The  new  combinations  produced  are 
found  especially  in  the  cavities  of  the  mass,  where  they  form  mam- 
millaiy  concretionB,  sometimes  crystallized.  The  most  remarkable 
of  these  in  point  of  number  are  ailicatee  of  the  seoUto  £vnily»  ai^ 
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particularly  apophyllite  and  chabasie*.  Besides  these,  there  are 
some  other  zeolites,  together  with  opal,  mammillary  hpdite  (per- 
fectly transparent  and  undistinguishable  from  the  hydite  of  basalts), 
aragonite,  and  calcareous  spar.  The  apophyUite  is  found  only  in 
the  cavities  of  the  mortar;  it  is  a  silicate  containing  lime  and  potash ; 
whereas  the  chabasie,  a  double  silicate  of  alumina  and  potash,  oocun 
exclusively  in  cavities  of  the  brick.  The  neighbouring  granite  has 
never  been  found  to  contain  any  zeolites ;  but  the  water  contains  the 
elements  of  that  family  of  minerals,  potosh  and  lime,  the  fonner 
being  derived  from  the  decomposition  of  the  febpar  of  the  granite, 
the  latter  from  the  mortar.  Thus  it  appears  that  minerals  which 
we  find  in  veins  and  in  eruptive  rocks  may  bo  formed  by  the  joint 
agency  of  water  and  heat,  although  that  heat  may  not  exceed  158°  P. 
In  prosecuting  these  experiments,  M.  Daubree  obtained  well-formed 
crystals  of  the  transparent  variety  of  augite,  called  diopside.  Rr- 
wood  was  changed  into  a  black  compact  shining  body,  having  all 
the  appearance  of  pure  anthracite,  and  so  hard  as  to  be  scratched 
with  diiOSlculty  by  a  steel  point.  It  closely  resembles  the  anthracite 
that  accompanies  veins  of  silver  in  gneiss  at  Kongsbei^  in  Norway. 
I  have  said  that  the  experiments  of  Sir  James  Hall  formed  an 
epoch  in  the  history  of  theories  of  the  earth.  In  the  same  light,  but 
in  a  still  higher  degree,  the  observations  and  synthetic  experiments 
of  M.  Daubr^,  showing  the  powerful  and  widely  extended  agency 
of  water,  wiU  probably  be  viewed  as  an  epoch  in  our  science.  He 
has  demonstrated  that  water,  accompanied  by  heat  and  compression, 
with  a  very  minute  quantity  of  potash,  has  a  solvent  power  upon  a 
wide  range  of  mineral  substances,  especially  upon  silica,  the  earth 
of  all  others  the  most  prevalent  in  the  structure  of  the  globe.  He 
has  further  proved  that  the  degree  of  heat  imagined  to  be  necessary 
for  the  production  of  certain  minerals  has  been  much  exaggerated, 
and  that  products  characteristic  of  metallic  veins  and  volcanic  rocks 
may  be  formed  at  a  temperature  not  exceeding  158°  F.  He  refers 
especially  to  the  zeolite  family  so  constantly  found  in  trappean  and 
volcanic  rocks,  both  as  a  constituent  part,  and  as  filling  vesicles, 
and  which,  therefore,  may  have  been  formed  when  the  process  of 
cooling  had  been  far  advanced.  He  reminds  us  that  zeolites  have 
been  found  in  the  fragments  of  tertiary  limestone  that  occur  in  the 
basaltic  tuff  of  the  Puy  de  la  Piquette  in  Auvergne.  He  has  further 
shown  that  the  molecular  state  of  the  water  in  lavas,  be  it  what  it 
may,  has  had  a  great  effect  in  the  formation  of  silicates,  even  when 
anhydrous.  It  causes  them  to  separate,  and  to  crystallize  at  a  tem- 
perature much  below  their  point  of  fusion ;  it  enables  them  to  cry- 
stallize in  an  order  of  succession  different  from  that  of  their  fhsibLlily: 
thus,  for  example,  leucite,  an  infusible  silicate  of  alumina  and  potaeii, 
occurs  in  lavas  in  weU-formed  crystals,  often  of  large  size.  To  this, 
Ludwig,  in  his  German  translation  of  Daubr^'s  essay,  adds  that  the 
crystals  of  leucite  often  contain  fragments  of  lava,  and  even  small 

*  In  sixteen  different  specioB  of  zeoUte»  water  has  been  found  to  enter  largdy 
into  the  composition  of  each,  Taiying  iJN>m  8  per  cent  in  some  fpeoimens  of 
analcime^  to  nearly  22  per  cent  in  aome  speoimens  of  ohabasie. 
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Is  of  the  very  fusible  mineral  augite.  There  is  an  Important 
k  <^  Daubree,  that,  at  high  temperatures,  so  small  a  quantity 
ter  is  sufficient  to  produce  crystallization  of  silicates,  that  that 
ig  in  clays,  or  even  that  mechanically  contained  in  rocks^  com- 
'  termed  the  water  of  the  quarry  (eau  de  carrikre),  appears  to 
I  that  is  required  to  develope,  when  assisted  by  heat,  very 
stic  action. 

Metamorjphi9m, 

)  term  "  metamorphic  "  was  first  given  by  Sir  Charles  Lyell  in 
as  a  designation  for  certain  of  the  older  strata  considered  to 
been  altered  by  subterranean  heat.  He  states,  in  the  last 
a  of  his  'Manual  of  Greology/  that  by  metamorphism  he  means 
ion,  existing  in  the  interior  of  the  earth  at  an  unknown  depth, 
ler  thermal,  hydrothermal,  electrical,  or  other,  analogous  to  that 
id  near  intruding  masses  of  granite,  which  has,  in  the  course  of 
nd  indefinite  periods,  and,  when  rising  perhaps  from  a  large 
I  surface,  reduced  strata  thousands  of  yards  thick  to  a  state 
oifusion,  so  that  on  cooling  they  have  become  crystalline  like 
I.  He  enumerates  as  the  principal  metamorphic  rocks — ^gneiss, 
schist,  hornblende-schist,  clay-slate,  chlorite-slate,  hypogene- 
one,  and  certain  kinds  of  quartzite.  These  rocks,  he  says, 
in  their  most  characteristic  and  normal  state,  are  wholly 
i  of  organic  remains,  and  contain  no  distinct  ifragments  of 
rocks,  whether  rounded  or  angular,  and  that,  however  cry- 
e  they  may  become  in  certain  regions,  they  never,  like  granite 
3,  send  veins  into  contiguous  formations,  whether  into  an  older 
or  granite,  or  into  a  set  of  newer  fossilifcrous  strata.  Hero 
«re  have  the  term  distinctly  conjoined  with  a  theory  of  the 
r  by  which  the  metamorphism  is  produced,  and  an  equally  di* 
restriction  of  the  term  to  particular  rocks. 
such  a  restriction  is  now  disregarded  both  in  this  country  and 
ere,  and  the  term  metamorphic  is  applied  to  any  sedimentary 
lecondary  or  tertiary,  which  is  altered  from  its  original  state 
lardened  or  crystaUine  structure,  without  reference  to  any 
of  the  agency  by  which  the  change  was  produced,  however 
fied  the  nature  of  the  rock  may  be.  Thus,  M.  Coquand,  in  his 
i  des  Roches,'  published  in  1857,  has  a  whole  family  of  Eoches 
9rphiques,  comprising  thirteen  species  and  no  less  than  eighty- 
rarieties,  as  follows : — 


biflte,  embracing., 
oflte 

•-•cliiste  „ 
olite-fldiiBto  „  .. 


11  rarieiies. 
10  „ 

5  „ 

5  „ 
9  „ 

12  „ 

6  „ 


Gypse,  embracing    7  Taneties^ 

Anhydrite  „ 
Alaunite  „ 
Quartcite  „ 
Jaspe  „ 

Porccllanite   „ 


a  in  its  widest  sense,  the  term  might  be  applied  to  every  altered 
8  its  age  what  it  may ;  for  a  structural  change  is  as  distinct 
f  aan^tones  and  limestones  as  in  the  older  strata.    Studer 
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and  Merian  found  in  the  Alps  of  Glaros  the  flysch  paflsing  inta 
rocks  as  crystalline  as  the  mica-schist  and  gneiss  of  St.  Gothard  and 
Chamoiinj ;  and  Sir  R.  Murchison  has  shown  that  large  portioni 
of  the  flysch  in  the  Orisons  hare  heen  converted  into  a  cryatalline 
fock,  and  that  in  many  places  in  the  Alps,  secondary  and  eTen  tertiiiy 
timestones  are  changed  into  saccharoid  marble  nndistingnishable  from 
that  which  has  been  called  primary. 

But  it  is  obvious  that  ^e  metamorphism  of  materials  so  very 
different  in  their  nature  cannot  have  been  brought  about  except  1^ 
very  different  chemical  operations,  and  that  it  could  not  have  been 
produced  in  all  by  the  materials  having  been  exposed  to  a  deep-seated 
internal  heat ;  for  the  altered  rocks  alternate  with  others  of  virt 
thickness  which  have  undergone  no  change^  and  through  which  tiit 
heat  could  not  have  been  transmitted.  It  is  nevertheless  veij 
doubtful  whether  the  term  i&  ever  applied  without  some  vague,  in- 
distinct belief  that  internal  heat  has  been  the  great  agent  in  ihib 
change ;  this  certainly  is  not  a  very  philosophical  state  of  mind,  and 
shows  how  much  it  behoves  us  to  be  cautious  in  the  use  of  a  term 
involving  theory  unsupported  by  experimental  proof.  To  the  hci  d 
the  change  of  structure  we  cannot  shut  our  eyes ;  it  is  plain  and 
palpable ;  and  we  must  give  it  a  name ;  but  the  name  should  be  free 
from  any  unproved  theoretical  import.  No  true  theoiy  of  the  earth 
can  be  arrived  at  untlL  the  thcoiy  of  metamorphism,  in  its  variooe 
phases,  has  been  established  on  sound  chemical  principles  by  synthetie 
experiments. 

I  have  already  referred  to  the  memoir  of  M.  Daubr^  on  Meta- 
morphism, published  in  1858.  In  the  same  year  there  appeared  the 
'  £tudes  sur  la  Metamorphisme '  of  M.  Delesse.  He  truly  observes, 
at  the  very  outset  of  his  work,  that  "  metamorphism  comprehends 
phenomena  which  are  extremely  complex,  and  which  are  fi>r  the 
most  part  involved  in  great  obscurity."  He  consideis  that  the  subjeet 
is  divisible  into  two  distinct  forms> — ^the  one  being  normal  or  gintrci 
metamorphism,  the  result  of  causes  most  frequently  invisible,  and 
which  have  operated  on  a  great  scale ;  the  other  abnormal^  or  rather 
special,  metamorphism,  the  result  of  accidental  causes,  the  effects  of 
which  are  of  limited  extent.  It  is  to  this  last  form,  which  he  alse 
designates  **  metamorphism  of  contact,"  that  this  publication  is  eon- 
fined.  But  there  can  be  no  doubt  that  normal  or  general  metamor- 
phism is  by  much  the  most  important  subject  for  our  carefiil  study : 
that  of  contact  is  only  a  subordinate  branch  of  the  great  questiim. 
Besearcbcs  and  experiments  relative  to  it  are  doubtless  of  great  value 
as  indications  of  the  causes  of  the  greater  operation,  and  as  likely  to 
lead  to  some  well-founded  theory  of  the  many  phenomena  of  general 
metamorphism.  But  the  processes,  whatever  they  were,  must  have 
been  very  different  which  caused  the  alterations  produced,  on  many 
occasions,  when  an  eruptive  and  a  stratified  rock  came  in  contaeti 
md  that  transformation  which  has  extended  over  thousands  of 
square  miles.  In  the  former  case  the  rock  affected  and  that  affieet- 
ing  are  before  us,  and  the  change  was  probably  the  work  of  a  eom^ 
paratively  short  time;  while  in  the  latter  case  all  is  hidden,  and  flit. 
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)peratioii  was,  with  greater  probability,  the  alow  contmuouB  effbct  of 
ikrasands  of  jears  of  cbemiod  action  under  enormouB  presmure. 

M.  Deleaae  has  very  recently  presented  ns  with  another  work  iil 
irhich  the  larger  subject  is  treated  of  with  great  minuteness  of  detail, 
ind  in  which  he  has  brought  to  bear  his  extensiye  observations,  his 
nineralogical  knowledge,  and  his  skill  and  experience  in  chcmieal 
inalysis.  He  has  been  so  obliging  as  to  send  me  an  unpublished 
sopy  of  his  memoir,  which,  consisting  of  90  quarto  pages,  will  font 
I  part  of  a  forthcoming  volume  of  the  '  M^moires  de  Tlnstitut  dii 
Pnnce.'  In  this  work  he  by  no  means  confines  the  term  metamor- 
piuBm  to  those  rocks  to  which  it  was  originally  applied  by  Lyell> 
md  to  which  it  is  restricted  by  many  geologists,  but  gives  it  a  verv 
Iride  range.  He  says  at  the  very  outset,  <'  Toutes  les  rdches  qm 
mtrent  dans  la  composition  de  T^orce  terrestre  ont  pu  6tre  modifldes 
[Mr  le  m^tamorphinne  general "  (p.  129) ;  that  "  il  est  bien  con- 
ktate  maintenant  que  les  roches  m^tamorphiques  se  sent  formers  h 
Mates  les  ^poques  g^logiques  "  (p.  152).  He  speaks  of  *'  rochet 
n^tamorphiques  appartenant  k  tons  les  terrains,  depuis  le  silurisii 
usqu'au  nummulitique "  (p.  155).  He  considers  that  the  for- 
nation  of  coal  in  all  its  varieties,  from  lignite  to  anthracite,  is  tiie 
lesolt  of  general  metamorphism :  **  Le  m^tamorphisme  general  suU 
nt  les  combustibles  est  identique  k  celui  qui  est  eprouvl  aU  contact 
le  roches  non-volcaniques  "  (p.  160).  It  is  evident,  therefore,  that' 
netamorphic  action,  in  the  sense  in  which  it  is  used  by  M.  Deless^ 
n  this  memoir,  becomes  nothing  more  than  a  general  term  for  that 
igeney  or  variety  of  agencies  by  which  mineral  substances  have  un-- 
lergone  alterations  from  their  original  state  throughout  all  geological 
leriods,  and  is  the  abandonment  of  a  very  convenient  technical  desig- 
lation  for  a  particular  class  of  rocks — ^those  inferior  basic  rocks  which, 
lave  been  held  to  have  been  for  the  most  part  transformed  from  a 
3rior  condition  of  sedimentary  deposits. 

On  the  30th  of  last  June,  the  Academy  of  Sciences  of  Paris  awarded 
to  M.  Daubr^  the  Bordin  Prize  for  an  essay  entitled  **  Studes  St 
EzpMences  synthdtiques  sur  le  M^tamorphisme  et  sur  la  formation 
des  roches  cristaUines,"  which  has  since  been  published.  He  coih- 
nences  with  the  following  remarks : — *'  One  of  the  most  important 
questions  which  geology  is  called  upon  to  solve,  is  to  settle  the  parts 
in  the  formation  of  the  solid  envelopment  of  the  globe  which  are  to 
be  ascribed  respectively  to  aqueous  and  igneous  action.  Although  it 
has  been  long  debated,  it  has  as  yet  received  no  definite  solution  ;  it 
has  even  become  complicated,  since  by  a  more  rigorous  examination 
of  different  rocks  we  have  discovered  evidence  of  a  twofold  origin. 
Was  it  at  the  very  moment  of  their  formation  that  these  ambiguous 
rocks  received  this  double  character,  or  was  the  one  consecutive  on 
the  other  ?  and,  in  the  latter  case,  how  can  we  account  for  such  a  - 
soeeeasion  of  effects  ?  These  are  subjects  the  study  of  which  con^ 
stitntea  what  in  their  more  extended  and  general  sense  we  tenh 
netamoi^diism."  He  gives  a  historical  sketch  of  the  gradual  de- 
YvloiimeBt  of  those  obe^ations  on  the  structure  of  rocks  by  some  of 
Us  nredeoesson  which  have  led  the  way  to  the  views  now  generally 
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adopted.  In  giving  a  list  of  the  English  geologists  who  haye  ad« 
vancod  this  branch  of  our  science,  he  most  strangely  omits  the  name 
of  Lyell — of  him  who  was  the  first,  twenty-seven  years  ago,  to  snggest 
this  modification  and  restriction  of  the  Huttonian  theory,  and  who 
in  the  several  editions  of  his  *  Manual  of  Groology,'  a  work  quoted  by 
3£.  Daubr^,  has  so  fully  discussed  the  whole  question  of  metamoro 
phism,  so  far  as  it  had  advanced,  not  even  omitting  the  possible 
agency  of  water  at  an  intensely  high  temperature,  in  produciiig  it, 
by  an  internal  movement  and  rc-arrangement  of  the  molecules*. 

After  noticing  some  remarkable  statements  in  the  works  of  Des- 
cartes and  Leibnitz,  he  passes  to  the  more  modem  names  of  Buffo% 
Saussui*e,  Pallas,  and  Werner,  and  then  dwells  at  some  length  on 
Hutton  and  his  illustrator  Playfair,  in  whose  works,  he  saya,  m 
find  established  and  developed,  for  the  first  time,  certain  fundamental 
principles  of  modem  geology,  and  especially  metamorphism.  After 
pointing  out  the  fundamental  hypothesis  of  Hutton,  that  the  strata 
had  been  formed  by  the  detritus  of  prc-existent  rocks  and  afterwardi 
consolidated  by  heat,  he  adds, — "  Thus,  by  an  idea  entirely  new,  the 
illustrious  Scot<ih  philosopher  showed  the  successive  cooperation  of 
water  and  the  intemal  heat  of  the  globe  in  the  formation  of  the  same 
rocks.  It  is  the  mark  of  genius  to  unite  in  one  common  origin  phe- 
nomena very  different  in  their  nature.  Hutton  first  pointed  out  that 
subterranean  heat  had  not  only  consolidated  and  mineralized  the 
deposits  at  the  bottom  of  the  sea,  but  had  moreover  raised  up  and 
thrown  into  inclined  positions  beds  which  had  originally  been  hori- 
s^ontal.  Another  discovery  due  to  Hutton,  which  has  also  been  of 
eapital  importance  in  geology,  is  the  emptive  origin  of  granite*  He 
further  demonstrated,  by  numerous  examples  exhibited  in  Scotland, 
that  the  trap-rocks  had  been  injected  into  regions  where  there  is  no 
indication  of  a  volcano.  Hutton  explains  the  history  of  the  g^obe 
with  as  much  simplicity  as  grandeur.  Although,  by  considering  the 
process  of  decay  and  renovation  a  continuous  phenomenon,  he  hai 
thrown  a  shade  over  his  noble  conception,  he  has  rendered  immense 
services  in  demonstrating  that  natural  causes  which  operate  under 
<iur  view  are  sufficient  to  explain  the  history  of  the  globe,  and  that 
it  is  unnecessary  to  have  recourse  to  other  modes  of  action  than 
those  exhibited  by  nature  in  our  o^vn  day ;  whereas  other  systems 
that  had  been  devised  assumed,  on  the  contrary,  events  which  had 
no  analogy  with  what  we  now  witness.  Thus  Hutton  is  traly  the 
founder  of  the  fertile  principle  of  the  transformation  of  the  sedimentary 
rocks,  by  the  action  of  heat.  Nevertheless,  we  shall  notice  hereafter 
that  there  are  many  deductions  to  be  made  from  conclusions  so 
absolute,  like  most  men  of  genius  who  have  opened  up  new  paths, 
Hutton  exaggerated  the  extent  to  which  his  conceptions  coidd  be 
applied.  But  it  is  impossible  not  to  \iew  with  admiration  the 
profound  penetration,  and  the  strictness  of  induction  of  ao  clear- 
sighted a  man,  at  a  period  when  exact  observations  had  been  ao  few ; 
he  being  the  first  to  recognize  the  simultaneous  efiect  of  water  and 
heat  in  the  formation  of  rocks,  in  imagining  a  aystem  which  embraoea 
*  Fifth  edition,  p.  606. 
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whole  physical  Bystcm  of  the  globe.  He  established  principles, 
idly  in  8o  &r  as  they  are  fundamental^  are  now  universally 
litted." 

[  trast  that  I  shall  be  pardoned  in  thus  giving  prominence  to  a 
mte  offered^  at  this  distance  of  time,  by  so  eminent  a  foreign 
dogisty  to  the  genius  and  sagacity  of  Hutton,  of  whose  ingenuity, 
iteneflB,  and  even  light-hearted  playfulness,  I  had  been  accustomed 
my  early  life  to  hear  much  in  my  own  family,  although  too  young 
hsre  any  personal  intercourse  with  him ;  and  in  whose  scientific 
ndples  I  was  trained  in  my  geological  studies  linder  the  guidance 
my  venerated  friend  the  able  and  eloquent  Playfair.  I  am,  how- 
T,  not  prepared  to  agree  with  M.  Daubree  that  a  shade  has  been 
xmn  over  Button's  "  noble  conception  "  that  a  continuous  process 
decay  and  renovation  of  the  materials  of  our  globe  had  fix>m  the 
gin  of  the  stratified  rocks  been  the  established  order  of  nature ; 
it  observations  since  the  time  of  Hutton  have  demonstrated  any 
erraption  to  that  continuity  in  past  time,  or  justify  any  anticipa- 
a  of  a  future  change. 

[n  this  work,  as  well  as  in  the  more  recent  one  of  M.  Delesse, 
tamorphism  is  not  limited  to  the  class  of  rocks  to  which  the  term 
tamorphic  was  originally  applied :  on  the  contrary,  M.  Daubree 
>r668ly  says,  <'  Des  cffets  de  Taction  metamorphique  so  montrent 
IS  les  terrains  de  divers  &gcs"  (p.  119),  and,  at  p.  74,  that  **  les 
wts  m^taUif^res  ne  sent  que  des  cas  particuliers  des  phdnom^nes 
tamorphiques."  These  three  essays,  in  place  of  being  called 
Stades  Bur  le  Metamorphisme,"  might  have  had,  in  my  opinion, 
•  more  appropriate  and  comprehensive  title  of  Contributions  to  the 
anistry  of  the  Mineral  Kingdom."  And  most  valuable  contribu- 
18  they  assuredly  are ;  for  the  facts  and  experiments  they  narrate 
ible  us  to  form  some  just  conception  of  the  agencies  by  which  the 
'er  sedimentary  deposits  became  changed  into  hard  and  crystalline 
ks,  and  how  their  included  accessory  minerals  may  have  been  pro-* 
ied ;  they  are  also  calculated  to  throw  light  upon  the  analogous 
nges  of  structure  met  with  in  the  fossiliferous  strata  of  all  ages, 
i  which  must  have  been  produced  under  very  different  circTimstances, 
I  likewise  upon  the  formation  of  the  various  products  of  mineral 
OS.  Even  a  short  summary  of  the  contents  of  these  essays  would 
tself  amount  to  a  treatise ;  so  I  must  refer  you  to  the  works  them- 
res,  noticing  only  some  of  the  conclusions  of  the  authors  to  which 
rifih  to  call  your  attention. 

)L  Delesse  certainly  states  that  the  agencies  in  general  mctamor- 
sm  must  have  been  heat,  water,  and  pressure ;  but  the  main 
tore  in  both  his  essays  is  the  prominent  part  which  he  considers 
bar  to  have  played  in  the  production  of  mineral  compounds.  He 
igs  forward  many  facts  for  which  the  sole  action  of  heat  appears 
Jfixrd  an  inadequate  explanation ;  but,  on  the  other  hand,  he  seems 
be  carried  away  by  his  theory  to  ascribe  far  too  extended  an 
ration  to  aqueous  causes.  Thus,  he  affirms  it  as  his  opinion  that 
trap  of  the  Giant's  Causeway  was  not  incandescent  and  in  a 
e  of  igneous  fiision  when  it  was  poured  over  the  lignite  it  covers ; 
in  lefeEiing  to  the  Meissner,  near  Cassel,  so  long  celel>iat6^  ^vel 
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instance  of  the  igneous  origin  of  basalt,  where  a  mass  of  it,  in  i 
places  500  feet  thick,  covers  beds  of  lignite  from  20  to  98  fpet  in 
thickness,  he  says  that  the  phenomena  exhibited  are  to  be  aacribfld 
**  plutot  a  une  action  aquense  qa^k  une  action  ignee."  Not  only  in 
the  above,  but  in  other  instances,  he  maintains  the  aqueous  p)aatiflilj 
of  trappean  rocks.  Water  may  be  one  of  their  constituento  i  but  it 
if  i^  no  degree  probable  that  it  held  the  earthy  constituents  in  a 
softened,  plastic,  or  fluid  condition.  It  will  require  stronger  proofii 
than  M.  Delesse  has  as  yet  brought  forward,  to  set  aside  the  long- 
established  conviction  of  the  similarity  of  origin  of  the  Giaiit!| 
Causeway  and  Fingal's  Gave  to  that  of  the  columnar  lavas  of  Eto 
and  Auvergnc. 

Although  M.  Daubree  does  not  carry  his  views  of  aqueous  action 
so  far  as  31.  Delesse  docs,  he  nevertiioless  expresses  very  decided 
opinions  as  to  the  powerful  agency  of  water  in  mctamorphism,  as  (he 
following  passage  will  show : — 

<<  It  is,  therefore,  not  difficult  to  see,  in  the  various  kinds  of  pbe-i 
nomena  of  which  I  have  spoken,  the  manifestations  of  one  and  the 
same  agent,  which  exists  throughout  entire  countries.  That  essenlisl 
ajg^t  is  water,  aided  by  heat  of  different  degrees,  and  to  which  sie 
superadded  as  secondary  causes,  emanations  which  accompany  it 
Thus  we  are  of  opinion  that  water  acts  unceasingly  in  the  deep- 
seated  regions,  after  it  has  acquired  a  temperature  more  or  Ini 
elevated,  under  the  influence  of  the  heat  of  the  globe." — '*  It  cannot 
be  denied  that  if  water  is  able  to  insinuate  itself,  through  fissures  in 
the  solid  crust  of  the  globe,  to  a  depth  equal  only  to  that  of  the  sea,. 
ii  becomes  subject  there  to  a  pressure  equal  to  several  hundreds  of 
i^tmosphcres,  by  means  of  which  it  wiU  penetrate  easily  to  the  imnoit 
pores  of  the  rocks,  especially  when  it  is  of  a  temperature  which  it 
iQUst  possess  at  such  a  depth."  (pp.  97  <&  117.) 

On  this  agency  of  water  the  following  testimony  of  Prof.  Bunsen 
of  Heidelberg  is  important: — ^'The  attention  of  geologists  has 
hitherto  been  almost  solely  directed  to  the  action  of  heat  in  the 
production  of  the  metamorphism  of  rocks.  The  action  of  gases  and  of 
water  at  a  moderate  temperature  in  producing  changes  of  structure, 
which  may  bo  seen  on  a  small  scale  in  fumaroles,  must  have  had 
immense  influence,  as  after-effects  of  older  plutonic  catastrophes, 
upon  the  materials  of  which  the  stratifled  rocks  are  composed.  In 
this  treatise  I  have  endeavoured  to  bring  forward  some  proofs  and 
circumstances  which  may  perhaps  set  geologists  upon  the  track  of 
those  processes.  Everything  indicates  that,  in  future,  we  must  rely 
not  so  exclusively  on  observation,  but  more  upon  experimental 
researches  to  enable  us  to  explain  the  metamorphism  of  rocks  by 
hydatothermic  and  pyrocaustic,  or,  where  both  have  acted,  by 
hydatocaustic  processes.  I  know  not  whether  the  time  is  yet  arrived 
for  the  introduction  of  those  terms ;  but  distinctions  will  be  devoid 
of  meaning  unless  the  test  of  experiment  has  determined  their  true 
value,  in  every  point  of  view*," 

;  *  Bunien,  uber  den  innem  Zmsmmmihang  dw  pfaudo-Tulkiiiiiolit 
nun^  Itlandf. 
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PhrfbMor  Naamann  in  his  *  Lehrbach  der  Geognoeie/  the  aiost 
eapioaB  and  instrootiYe  general  treatise  on  geology  with  which  I  am 
loquaintedy  briefly  notices  the  conjectures  of  other  geologists  as  to  the 
Iganeies  in  normal  or  general  metamoiphism^  without  expressing  any 
JMided  views  of  his  own>  except  as  to  what  heat  may  be  supposed  to 
)mYe  effected.  But  he  enters  at  considerable  length  into  the  subject 
ff  abnormal  or  local  metamorphism.  He  justly  obeenres  that  while 
kere  the  origin  of  the  effect  is  apparent,  tiie  modm  operandi  is  far 
ttom  being  equally  so  in  a  great  proportion  of  cases.  In  the  generality 
d  iostaaoes  the  heated  state  of  the  intrusiye  rock  appears  to  haye  been 
the  cause ;  but  he  adds,  <'  it  is  neverthelesB  evident  that  many  of  the 
ippearanoes  when  ordinary  sandstones  and  quartsose  conglomerates 
ire  changed  into  quartzite  by  the  contact  of  granite,  syenite,  and 
fHher  pyrogenous  rocks  cannot  be  explained  by  tiie  action  of  heat 
ikme.  For  it  is  difficult  to  conoeiye  that  heat,  which  in  its  con- 
tinuons  state,  at  least,  could  not  have  been  very  great,  and  must  at 
ill  events  be  much  under  the  melting-point  of  silica,  could  convert 
a  fragmentary  sandstone  into  crystalline  quartzite.  It  Ib  clear  that 
noh  eontact-metamorphism  must  belong  to  those  instances  the 
production  of  which  without  the  concomitant  action  of  water  is  in- 
Qonceivahle*." 

There  is  an  observation  of  H.  Daubr^,  which,  so  fiEar  as  I  knowj  is 
novel  and  is  well  deserving  of  being  followed  up  in  researches  in 
metamorphinn.  He  states  that  cases  of  the  metamoiphism  of 
ladimentary  rocks  occur  only  in  those  situations  where  disturbajioes 
of  the  horixontality  of  such  deposits  have  taken  place :  that  the  oldest 
itrata  of  Eussia,  Southern  Sweden,  and  North  America  have  preserved 
theur  original  horixqntaUty  and  are  not  sensibly  metamorphosed,. 
13iat,  on  the  other  hand,  newer  strata  which  have  been  much  broken 
up  and  elevated^  such  as  the  Jurassic  and  cretaceous  formatbns  of  the 
Si^  Alps,  the  Apuan  and  the  Tuscan  Alps,  have  beeu  completely 
Bodifled,  few  only  of  the  eruptive  rocks  being  met  with  among  theo^; 
that  day-slates  are  but  the  beginning  of  more  deeply-seated  trans*^ 
fimnations,  and  occur  only  in  regions  more  or  less  diiturbed  >  that; 
kot  springs  are  always  connected  with  aoci4ents  in  the  structure  of 
I  ooantry  of  a  similar  kind :  tiiat  it  is  therefore  difficult  hot  to  per- 
oeive  a  connexion  between  the  two  phenomena,  and  no  less  difficult; 
to  refuse  one's  assent  when  we  learn  by  expenmeut  that  the  mineralr 
iied  waters  are  among  the  most  energetic  agents  in  that  metamorr 
phism  which  we  can  artificially  produce  f, 

Gfieiss  is  generally  held  to  be  a  metamorphic  rock,  meaning  thereby 
that  it  was  originally  a  sedimentary  deposit  of  the  detritus  of  a  pre^ 
existeat  surface-rock,  altered  by  subterranean  heat  as  tine  chief 
agent.  There  are,  however,  some  considerations  which  make  it 
diSfionlt  for  me  to  understand  the  modus  opera/ndi  of  this  supposed 
thennal  action ;  that  is,  in  what  manner  the  heat  could  be  applied, 
in  aooordanoe  with  known  chemical  laws.  If  gneiss  be,  as  it  is 
usoally  held  to  be,  the  lowest  known  of  the  se^mentuy  stratified 

*  Lehrbaoh  der  Geognone,  L  708. 
t  Obe9rnitioqi>A|0.P'98.  .    - 
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rocks,  it  ifl  obvious  thnt  it  must  necessarily  have  been  formed  bj  the 
detritus  of  an  original  tenstratifled  surface-rock,  which  had  been  ex- 
posed to  the  wearing  effects  of  atmospheric  action  and  of  wares  acting 
upon  a  shore.  The  detritus,  in  order  to  form  stratification,  must 
have  been  spread  gradually  over  the  solid  bottom  of  a  deep  sea. 
The  generally  prevalent  theory  assumes  that  the  altering  heat  wm 
communicated  through  the  rock  on  which  the  sediment  rested,  that 
is,  the  sea-bottom.  Now  unless  we  assume  that  the  sea  was  in  a 
state  of  ebullition,  the  bottom  rock  must  have  been  cold,  by  being  in 
immediate  contact  with  cold  water ;  for  so  soon  as  the  sea- water  came 
in  contact  with  a  heated  mass,  immediately  there  would  bo  produced 
two  continuous  currents,  of  ascending  warm  and  descending  cold 
water,  until  the  whole  sea  was  raised  to  a  high  temperature.  Bj 
the  pressure  of  the  superincumbent  water,  the  boiling-point  in  the 
lower  depths  would  be  greatly  raised,  and  the  constant  production 
and  upward  direction  of  high-pressure  steam  would  cause  such  t 
turmoil  in  the  sea  that  no  tranquil  deposition  of  sediment  to  form 
stratification  could  possibly  take  place.  K  the  source  of  heat  were 
local,  the  colder  water  from  the  adjoining  parts  of  the  sea  would  rush  to 
the  heated  parts.  If  the  bottom  rock  did  not  become  heated  until  after 
the  sediment  had  accumulated  to  a  great  thickness,  it  is  obvious, 
from  the  very  slow  conducting  power  of  rocks,  that  the  lower  parts,  if 
brought  by  the  heat  into  such  a  softened  state  as  to  acquire  a  crystal- 
line structure,  must  be  very  different  in  nature  from  the  upper  parts 
of  the  deposit, — that,  in  short,  there  would  be  a  gradual  change  in 
the  texture  of  the  rock  upwards — a  difference  which  has  nowhere 
been  observed.  A  similar  difficulty  attends  the  hypothesis  in  other 
cases  besides  that  of  gneiss,  when  metamorphism  is  considered  to 
have  been  produced  by  sedimentary  deposits  having  been  acted  upon 
by  a  highly  heated  hypogene  rock  at  the  bottom  of  a  sea. 

As  gneiss  has  never  been  seen  to  contain  an  undoubted  fragment 
of  a  pre-cxistont  rock,  nor  any  trace  of  an  organism,  its  being  held 
to  be  an  altered  sedimentary  deposit  would  seem  to  rest,  first,  on  its 
schistose  and  bedded  structure,  and,  secondly,  upon  the  extreme  im- 
probability of  an  eruptive  rock  having  spread  over  vast  regions  with 
that  structure.  As  regards  schistose  and  bedded  structure,  that  is 
of  itself  no  conclusive  proof.  Gneiss  is  essentially  composed  of  the 
same  materials  as  eruptive  granite,  and  there  are  numberless  in- 
stances, on  a  great  scale,  of  a  gradual  passage  from  coarse-grained 
granite  into  schistose  gneiss.     Some  of  these  I  will  quote. 

Dr.  MacCulloch,  in  his  *  Description  of  the  Western  Islands,'  when 
treating  of  gneiss,  which  prevails  in  the  Northern  Hebrides,  observes* 
that  there  are  two  principal  varieties,  the  one  of  a  granitic,  the 
other  of  a  schistose  structure  ;  that  the  gneiss  of  these  islands  (Flan- 
nan  Isles)  is  in  general  composed  of  quartz,  felspar,  and  mica ;  that  it 
presents  as  usual  many  varieties,  and  among  the  rest,  one  which  can- 
not be  distinguished  from  common  granite ;  that  this  consists  of  an 
equal  mixture  of  flesh-coloured  fel^r,  quartz,  and  but  little  mica, 
forming  beds  among  the  rest  of  the  rock ;  that  there  is  not  a  trace 
«yoLi.pp.208&22a. 


AIOriYXHSABT  ADDBE88  OF  THE  PBESIDEKT.  Ivii 

of  laminar  tendency  in  their  structure,  and  therefore,  although  they 
may  be  considered  as  forming  portions  of  the  gneiss  beds,  they  pre- 
sent, in  strictness,  an  example  of  bedded  granite.  Ho  then  goes 
on  to  say  that  the  limits  which  separate  gneiss  from  granite  are 
evanescent,  and  that  of  this  perpetual  gradation  there  is  scarcely  a 
mile  of  the  survey  of  those  islands  which  does  not  oifer  an  example ; 
that  the  granitic  subdivision  prevails,  and  is  characterized  not  only 
by  a  large  grain  and  imperfectly  foliated  structure,  but  by  frequent 
transitions  into  granite,  from  which,  when  in  detached  specimens,  it 
cannot  be  distinguished. 

Ab  instances  out  of  our  own  country  of  this  intimaterelation  between 
varieties  of  gneiss  and  granite,  I  may  give  the  following : — Carl  von 
Eoemer,  as  quoted  by  Naumann*,  while  describing  the  northern  side 
of  the  central  granite  of  Siberia,  mentions  an  extensive  tract  of  granit- 
gneiss  in  which  a  laminar  and  bedded  rock  repeatedly  alternates  with 
one  of  granular  and  massive  structure  without  lamination ;  and  in  like 
manner,  in  Fodolia,  granite  and  gneiss  form  a  massive,  intermixed, 
and  compact  whole,  demonstrating  a  contemporaneityand  similarity  of 
origin  of  both.  Beudant  states  that  in  Hungary  gneiss  and  granite 
appear  always  together,  and  that  they  occur  not  only  in  alternating 
beds,  but  as  one  and  the  same  mass.  Elie  de  Beaumont  t  states  that  a 
passage  between  granite  and  gneiss,  gneiss  and  mica-schist,  and  even 
between  granite  and  mica-schist,  is  so  often  observed  as  to  prove,  in 
such  cases,  their  common  origin ;  that  there  are  instances  in  which 
it  is  evident  that  gneiss  must  have  been  an  eruptive  rock,  which, 
after  its  eruption,  had  been  drawn  out  so  as  to  assume  a  schistose  or, 
rather,  a  fibrous  structure,  so  that  it  is  often  difficiilt  to  distinguish 
between  the  two  kinds, — ^that  is,  between  eruptive  and  metamor- 
phic  gneiss.  M.  Delesse  says,  that  gneiss  forms  a  transition  be- 
tween stratified  and  eruptive  rocks ;  that  its  mineralogical  composi- 
tion, as  well  as  its  mode  of  occurrence,  unite  it  in  a  manner  the  most 
intimate  with  granite,  and  that  its  origin  is  evidently  the  samet* 
The  section  of  granite  and  gneiss  at  Jaegersborg,  in  Norway,  given 
by  Mr.  David  Forbes §,  proves  indisputably,  I  think,  that  there  the 
two  rocks  must  have  had  a  common  origin,  and  that  it  is  not  con- 
ceivable that  this  gneiss  can  be  an  altered  sedimentary  rock. 

When  stratified  gneiss  contains,  as  it  often  does,  a  variety  of  ac- 
cessory simple  minerals,  and  metamorphism  by  contact  likewise  pro- 
duces them  in  the  traversed  rock,  we  have  a  complication  of  chemi- 
cal action  for  a  right  understanding  of  which  we  inust  look  to  sjm- 
thetic  experiment.  Thus  we  know  ||  that,  in  limestones  especiedly, 
a  great  variety  of  minerals  are  often  produced  by  the  contact  of 
granite,  among  which  garnet,  idocrase,  hornblende,  woUastonit^, 
epidote,  talc,  chlorite,  and  zeolites  are  the  most  common.  Now  to 
produce  these  eight  minerals,  there  must  be  derived  from  the  granite 

*  Ldirbach  der  Geognosie,  Ist  ed.  toI.  ii.  p.  84^  t  Loc,  cU, 

X  EtodM,  &c,  4to,  p.  203. 

I  Quart  Joum.  Geol.  Soc,  toL  xt.  p.  173. 

I  Danbr^e,  Btades  et  Ezp^ienoei  iTiith^aeB,  p.  57. 
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and  the  limestone  ten  different  elementary  constitaflntiy  as  the  M- 
bwing  table  of  the  analyses  of  them  shows : — 
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It  belongs  to  the  chemist  to  show  under  what  conditions 
elementary  substances  could,  in  the  same  mass,  comhiiie  into  tva 
or  more  of  those  definite  forms.  They  are  phenomena  of  metamoh 
phio  action,  of  which,  until  explained,  we  cannot  form  any  just  on- 
ception  of  that  great  operation  of  nature. 

But  there  are  accompaniments  of  many  rocks  that  have  reoeifii 
the  name  of  gneiss  which  would  seem  to  favour  the  hypothosia  of  i 
hypogone  rather  than  a  sedimentary  origin,  vix.  intert^lated  i 
of  granular  and  crystalline  limestone,  and  metallio  ores  in 
and  disseminated  through  the  substance  of  the  rock. 

MacGulloch  describes'^  the  gneiss  of  the  island  of  Tiree  as  coa- 
taining  masses  of  crystalline  limestone,  without  stratification  or  eon- 
tinuity ;  and  it  also  occurs  with  a  great  variety  of  accessoiy  erystal* 
Uzed  simple  minerals  in  the  gneiss  of  Norwayt,  Sweden,  Sucony, 
Bavaria,  Austria,  and  in  different  States  of  North  America.  WhjBaoe 
the  origin  of  this  limestone  thus  contemporaneous  with  gneiss  ?  It 
oannot  have  been  derived  from  the  detritus  of  any  surfaoe-stratum ; 
for  no  other  than  an  eruptive  rock  could  as  yet  have  formed  a  pari 
pf  the  dry  land.  If  we  could  suppose  it  to  be  formed  by  the  ezuviw 
of  marine  organisms,  it  would  be  carrying  the  prevalenoe  of  ambaul 
Ufe  far  beyond  any  period  in  which  its  existence  has  ever  been  con- 
templated, except  that  Sir  William  Logan  has  suggested  that  nodules 
of  phosphate  of  lime  found  in  sedimentary  rocks  of  Lower  Gan^hriaa 
or  even  greater  age  may  have  a  possible  connexion  with  life  ftxjirfjiig 
at  that  very  remote  period  of  the  earth's  history ;  or  if  derived  from 
springs  holding  carbonate  of  lime  in  solution,  that  of  itself  wenld 
be  a  proof  of  a  hypogene  origin.  Many  instances  have  been  met 
with  of  granular  limestone  occurring  under  circumstances  that  can 
only  be  explained  by  supposing  them  to  have  had  a  subteiraneaa 
origin.     Nearly  forty  years  ago,  Yon  Oeynhausen^  (elected  a  Foreign 

*  Deecriptioii  of  the  Western  Islands,  voL  L  p.  48. 

t  At  Ja^genborg.    See  section  by  Mr.  D.  Forbes  above  refiBrred  to. 
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CABuber  of  this  Society  in  1827)  described  a  dyke  of  great  exteaty  oom- 
osed  of  saocharoid  limestone^  traversing  a  granitic  ridge  in  the 
iergstrasse,  between  the  villages  of  Auerbach  and  Schdnberg ;  it  was 
pemlly  noticed  by  Von  Leonhard'^  in  1833,  who  says  of  it,  that 
rdosc  examination  left  the  impression  that  it  was  erupted  in  a  state, 
if  igneous  fluidity  from  the  depths  of  the  earth  subsequent  to  the 
brmation  of  the  gneiss ;  for  the  granitic  rock  there  appears  both  with 
{  gneissic  structure  and  as  syenite.  And  in  1852  Volts  t  thus  de- 
icribes  it  :r— <<  The  whole  appearance  of  the  limestone  is  that  of  9, 
lyke ;  and  there  can  be  no  doubt  that  we  have  one  of  colossal  si^e, — r 
^e  lUnestone  being  crystalline,  and  showing  all  varieties  of  structure 
^m  fine-grained  to  cc4careous  spar."  Similar  occurrences  have  beei^ 
described  by  Emmons  in  the  State  of  New  York,  by  Clarke  in  Au-< 
itralia,  and  by  Dumas  in  the  Cevennest  \  and  instances  of  veins  of 
large  dimensions  of  calcareous  spar,  with  numerous  ramifications, 
baving  as  much  the  appearance  of  injection  from  below  as  veins  of 
granite  or  trap,  must  be  familiar  to  every  geologist. 

The  gneiss  of  Norway  and  Sweden,  in  many  parts,  containa,  dis* 
Mminated  through  the  substance  of  the  rock  and  i^  n^asses  of  vast 
qiagnitude,  ores  of  magnetic  iron,  of  silver,  copper,  cobalt,  zinc,  and 
araenic ;  in  Saxony  it  has  been  found  containing  tin,  arsenic,  iron, 
%nd  copper ;  in  Prance,  in  the  department  of  the  Aveyron,  it  aboimda 
in  magnetic  iron ;  and  the  same  combination  is  mot  with  in  different 
parts  of  the  United  States.  These  metallic  minerals  are  surely 
moch  more  probably  of  subterranean  than  of  sedimentary  origin. 

There  is  no  manner  of  doubt  that  there  are  vast  tracts  of  gneiss 
with  such  distinct  stratification,  often  greatly  contorted,  to  which  no 
other  than  a  sedimentary  origin  can  with  any  degree  of  probability, 
be  ascribed,  however  difficult  it  may  be,  in  the  present  state  of  our 
knowledge,  to  comprehend  the  nature  of  the  chemical  action  bj  which 
the  original  component  materials  have  been  altered  into  new  com- 
binations. On  ^e  other  hand,  the  assertion  that  all  gneiss  has 
had  the  same  origin  appears  to  me  erroneous,  for  the  reasons  I  h^ve 
assigned ;  and  it  is  distinctly  contrary  to  the  opinion  of  some  of  the 
most  distinguished  geologists  of  Prance  and  GermaAy. 

A  rock  is  now  very  commonly  said  to  be  metamorphio  in  such  a 
variety  of  cases,  without  any  qualification  of  the  term,  whether  in 
relation  to  the  nature  of  the  materials  acted  upon,  or  to  the  totally 
different  texture  of  the  rocks  beneath,  which  have  for  hundr^  or 
thousands  of  feet  undergone  no  similar  alteration,  that  it  is  im- 
possible to  arrive  at  any  other  conclusion  than  that  there  must  have 
been  different  agencies  at  work — that  the  subterranean  thermal 
action  ooxisidered  to  have  produced  gneiss  from  detriti^  matter  could 
not  have  produced  the  crystalline  rock  intercalated  in  a  tertiary  de« 
posit  Palaeontological  determinations  are  made  under  the  guidanoe 
and  control  of  the  acknowledged  laws  of  anatomy  and  physiology ; 

*  Neoet  Jahrboch  flir  Mineralogie,  Ac,  1833,  p.  312. 

t  Ueboeddit  der  geologiaohsn  VerhaltniiMn  dee  GroMhenooUiam  Heswii. 

I  Hswnann,  Labrboch  te  Qeoguosie,  ^d  ^ 
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SO  in  cases  of  metamorphism  chemistry  must  assert  her  authority. 
If  the  term  ''  metamorphic  "  is  to  be  used  in  any  other  sense  than 
merely  as  a  synonym  of  the  word  "  altered,"  it  is  dear  that  a  wide 
field  of  chemical  research  has  to  be  cultivated  before  it  can  be  justly 
applied  in  a  theoretical  sense. 

Endeavours  to  imravel  the  mystery  of  general  metamorphism 
may,  at  first  sight,  appear  to  be  a  hopeless  task ;  and  doubtless  it  is, 
80  far  as  regards  the  effects  of  a  vast  period  of  time.  But  by  expe- 
riments with  the  means  within  our  power — that  is,  by  heat,  water, 
and  pressure,  skilfully  applied,  under  a  variety  of  forms — ^we  may 
reasonably  expect  to  acquire  some  just  conception  of  the  processes  by 
which  mechanical  detritus  could  have  been  converted  into  a  homo- 
geneous crystalline  mass.  Even  as  regards  time,  recent  researches 
have  shown  the  contrast  of  the  efiects  of  the  same  agents  when 
brought  shortly  to  a  close  and  when  they  are  prolonged  for  sevenl 
months.  We  must  have  multiplied  synthetic  experiments  of  the 
kind  of  those  instituted  by  Sir  James  Hall  and  Gregory  Watt,  and 
since  conducted  with  so  much  ingenuity  and  perseverance  by  Bischof, 
Daubrec,  Delesse,  Sorby,  and  others ;  we  must  have  it  proved  that, 
by  the  combined  action  of  het^t,  water,  and  pressure,  something  re- 
sembling gneiss,  mica-slate,  clay-slate,  and  quartzite,  with  their 
accessory  simple  minerals,  may  be  formed  out  of  sedimentary  ma- 
terials. But  such  experiments  must,  unfortunately,  be  of  a  kind  and 
on  a  scale  that  very  few  individuals  can  be  expected  to  undertake ; 
and  they  are  therefore  fit  subjects  for  liborsi  grants  from  public 
bodies  entrusted  with  funds  for  the  promotion  of  science. 

I  will  now  pass  to  a  very  difierent  subject — ^to  one  which  may  be 
said  to  have  been  for  nearly  two  years  the  great  geological  question 
of  the  day,  and  which  has  excited  no  small  amount  of  general  in- 
terest,— ^the  discovery  of 

Evidence  of  the  early  Existence  of  the  Human  Bace, 

Numerous  newly  discovered  facts,  and  a  more  attentive  and  un- 
prejudiced estimate  of  many  of  a  similar  kind,  long  since  recorded, 
seem  to  prove  indisputably  that  Man  must  have  been  an  inhabitant 
of  this  earth  at  a  far  earlier  period  than  we  had  been  accustomed  to 
believe  him  to  have  existed.  Ever  since  the  discovery  by  Dr.  Falconer 
in  1858  of  implements  of  human  workmanship  associated  with  the 
bones  of  extinct  quadrupeds  in  the  cave  at  Brixham  in  Devonshire, 
and  the  subsequent  communication  of  Mr.  Prestwich  to  the  Royal 
Society  in  May  1859,  of  his  examination  of  the  ground  where  M. 
Boucher  de  Perthes  had  discovered,  in  a  bed  of  gravel,  flint  hatchets 
associated  with  the  bones  of  extinct  quadrupeds,  at  St.  Acheul  near 
Amiens,  and  at  Abbe^dlle,  this  question  has  been  a  topic  of  intense 
geological  interest.  Soon  after  the  visit  of  Mr.  Prestwich,  to  whose 
paper  in  the  Philosophical  Transactions  I  must  refer  you  for  ample 
details,  M.  Gaudry,  a  French  geologist,  went  to  St.  Acheul,  and  in 
two  communications  to  the  Academy  of  Sciences  of  France,  on  the 
26th  of  September  and  3rd  of  October,  1859,  he  gives  the  following* 
account  of  his  researches: — '^Thegreoi*  point  was  not  to  leave  the 
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workmen  for  a  single  instant,  and  to  satisfy  oneself  by  actual  in« 
spectlon  whether  the  hatchets  were  found  in  situ,  I  caused  a  deep 
excayation  to  be  made,  without  quitting  the  workmen  for  a  moment : 
I  found  nine  hatchets  most  distinctly  in  situ,  in  the  diluvium,  asso- 
ciated with  teeth  oi  Equus  fossilis,  and  a  species  of  Bos  different  from 
any  now  living  and  similfu:  to  that  of  the  diluvium  and  of  caverns* 
The  exact  determination  of  the  position  of  the  hatchets  proves,  be- 
yond all  doubt,  that  Man  had  been  contemporary  with  several  of  the 
larger  animals  that  no  longer  exist,  whose  bones  are  now  fossil. 
One  may  easily  be  satisfied  that  the  gravel  beds  are  in  their  normal 
state,  and  that  they  have  not  been  remanUs  by  man.  At  St.  Roch^ 
near  St.  Acheul,  the  diluvium  has  been  found  to  contain  remains  of 
the  Rhinoceros  tichorhinus,  Elephas  primigeniuSy  and  Hippopotamus ; 
and  M.  Buteux  has  ascertained  that  the  beds  of  diluvium  of  St.  Eoch 
are  continuous  with  those  of  St.  Acheul*." 

On  the  7th  of  last  May,  M.  Beaudoin  announced  to  the  Geological 
So<^ety  of  Franco  a  discovery  he  had  made  of  worked  flints  in  un- 
disturbed drift  in  the  neighbourhood  of  Chatillon-sur-Seine ;  and  on 
the  20th  of  the  same  month  M.  de  Yemeuil  communicated  a  similar 
discoveiy  at  Precy ,  in  the  department  of  the  Oise.  Thus  we  have  evi- 
dence of  the  same  event  in  the  valleys  of  the  Somme,  the  Seine,  and 
the  (Hse.  More  recently,  M.  E.  CoUomb,  in  a  letter  published  in  the 
'  Bulletin  de  la  Soci^te  Yaudoise  dcs  Sciences  NatureUes '  for  October 
1860,  gives  an  account  of  a  visit  he  paid  to  St.  Acheul  in  company 
with  M.  Lartet ;  and  he  fully  confirms  tho  accuracy  of  the  observa- 
tions of  3ir.  Prestwich  and  M.  Graudry,  as  to  tho  age  and  undisturbed 
condition  of  the  gravel  in  which  the  worked  flints  are  found.  He 
observes  that  almost  the  whole  of  the  north  of  France,  and  especially 
the  plains,  i»  in  a  condition  the  most  favourable,  the  most  normal, 
for  the  study  of  the  quaternary  deposits  (terrains  quartaires),  be- 
cause, during  that  long  period,  no  extraordinary  events  have  occurred 
in  that  region ;  there  have  been  no  great  cataclysms,  no  sudden  ele- 
vations or  dislocations ;  no  glaciers  which  could  have  broken  up  and 
rearranged  {remani^)  the  soil,  and  changed  the  regular  order  of  the 
Superposition  of  the  beds. 

Additional  evidence  in  support  of  the  same  views  has  been  recently 
Supplied  by  the  publication  of  a  memoir  communicated  to  the  Society 
of  Antiquaries  by  John  Evans,  Escj.,  a  Fellow  of  this  Society,  who 
accompanied  Mr.  Prestwich  in  his  examinations  at  Abbeville  and  St. 
Acheul.  He  states  that  he  was  himself  witness  to  the  extraction  of 
a  worked  flint  from  the  gravel  bed  at  St.  Acheul,  at  a  depth  of  11 
feet  from  the  surface,  and  about  4|  feet  from  the  bottom  of  the  pit ; 
— that,  on  another  occasion,  Mr.  Flower,  one  of  the  party  of  geolo- 
gists, uncovered  and  exhumed  with  his  own  hands  a  perfectly  worked 
instrument  at  a  depth  of  20  feet  from  the  surface ; — ^that  the  imple- 
ments occur  most  certainly  in  undisturbed  gravel,  for  it  is  so  hard 
and  compact  as  to  require  the  use  of  a  pickaxe,  and  therefore  pre- 
dndes  all  idea  of  its  being  a  reconstructed  mass; — that  there  ia 
every  improbabihty  of  the  bones  of  extinct  species  of  quadrupeds 
t  •  Complei  Bendos'  of  the  above-mentioiied  dates. 
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ttssodated  with  the  implements  haying  been  wiBi8h6d  into  the  gnv^ 
fh)m  an  older  deposit ;  for  not  only  are  they  little  if  at  all  W(ttn,  bat 
in  the  lower  beds  at  Menchecourt^  near  Abberille,  the  skeleton  of  t 
Rhinoceros  was  discovered  nearly  entire ;  and  thus  we  ha^e  strange 
almost  conclusive,  evidence  of  the  coexistence  of  Man  with  these 
extinct  Mammalia ; — that  it  appears  to  be  established  beyond  a  dcmbt 
thatt  in  a  period  of  antiquity  remote  beyond  any  of  which  we  haTf 
hitherto  found  traces,  this  portion  of  the  globe  was  peopled  by  Man; 
— that,  at  Amiens,  land  which  is  now  160  feet  above  the  Sell,  and 
90  feet  above  the  Somme,  has,  since  the  existence  of  Man,  been  sain 
merged  under  fresh  water,  and  an  aqueous  deposit  from  20  feet  to 
80  feet  in  thickness,  a  portion  of  which  at  all  events  must  have  sab* 
sided  from  tranquil  water,  has  been  formed  upon  it ;  and  that  thii 
too  has  taken  place  in  a  country  the  level  of  which  is  now  stationaiy; 
and  the  face  of  which  has  been  little  altered  since  the  days  whea 
the  Gauls  and  the  Komans  constructed  their  sepulchres  in  the  soil 
overlying  the  drifb  which  contains  these  remains  of  a  far  earlier  ntoe 
of  men. 

At  a  meeting  of  the  Geological  Society  of  France  last  April,  at 
which  I  was  present,  M.  de  Yibraye  read  an  account  of  explorations 
he  had  made  in  a  cavern  of  Jurassic  rock  near  Arcy,  in  the  Departe- 
ment  de  TAube,  between  Troyes  and  Chalons-sur-Mame,  which  papet 
has  since  been  printed  in  the  <  Bulletin '  of  that  Society*  This  cavern 
contains  three  distinct  beds  of  drii%,  the  two  uppermost  bearing  evi- 
dence of  remaniement ;  but  the  lowest  ho  is  satisfied  must  be  an  un- 
disturbed mass  of  materials  washed  into  the  cavern  by  the  same  fotee 
which  spread  the  pleistocene  drift,  characterized  by  the  remains  of 
RMnoceros  tiehorhinxu,  Ursus  spdceus,  and  Hycena  speUxa,  over  the 
north-west  of  France.  On  making  excavations  in  tiiis  lowest  bad^ 
he  met  with  a  vast  accumulation  of  the  bones  of  the  above  animals } 
and  among  them,  one  of  the  labourers,  while  M.  Yibraye  was  in  the 
eavem,  found  a  human  jaw.  M.  Yibraye  thus  describes  this  re- 
markable event : — **  Judge,  gentlemen,  of  my  surprise,  when  I  saw 
a  human  jaw.  I  felt  disposed  to  doubt  the  reality,  and  to  believe 
that  it  was  the  jaw  of  an  ape  ;  but  no,  the  doubt  could  not  remain 
for  an  instant ;  for  the  jaw,  all  the  alveoli  of  which  are  perfectly 
seen,  still  contained  two  well-characterized  teeth,  viz.  the  first  right 
lower  premolar  and  the  first  large  molar  of  the  same  side.  I  hastened 
to  satisfy  myself  not  only  as  to  the  situation,  but  as  to  the  actual 
place  thiB  important  remain  had  occupied,  and  I  can  afiirm  that  the 
homogeneous  bed,  the  lowest  bed  in  the  cavern,  was  perfectly  intact, 
and  had  in  no  respect  changed  its  nature.  I  found  this  jaw  while 
devoid  of  all  preconceived  ideas,  and  was  even  obliged  to  do  violence 
to  my  individual  convictions  to  admit  the  evidence.  To  add  to  the 
value  of  this  discovery,  I  ought  to  udd  that,  while  arranging  the 
numerous  remains  collected  in  this  cavern  during  the  last  two  yeai«| 
I  found  the  tooth  of  another  man,  a  first  premolar  of  the  lower  jaw 
belonging  to  an  individual  of  less  size  than  he  to  whom  the  jaw 
belonged.  This  would  tend  to  prove  that  the  first  discovery  is  .not* 
an  isdated  faot,  and  that  it  is  more  than  probabla  that  fdrther  con- 
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firmatioii  would  be  found  by  continued  researdies.''  The  paper  gat^ 
me  to  an  animated  diBcussion ;  aiid  M.  Lartet,  one  of  the  speakets^ 
stated  that  he  had  yiaited  the  cavern,  and  had  examined  the  oollec-^ 
dona  of  M.  de  Vibraye,  whose  identifications  he  confirmed,  and  that 
he  was  of  opinion  that  the  drift  in  which  they  were  found  is  of  the 
same  age  as  that  of  Bt.  Aoheul. 

The  confirmation  of  the  correctness  of  the  conclusions  to  which 
M .  Boucher  de  Perthes  had  arriyed,  which  he  had  published  ten 
years  before,  but  which,  by  a  strange  unreasoning  incredulity  not 
Tery  creditable  to  the  scientific  men  of  aU  countries,  had  been  suffbred 
to  be  ne^ected,  is  of  an  importance  that  cannot  be  overrated,  inoci*' 
much  a«  it  is  oaleulated  to  remove  a  prejudice  that  has  long  prevailed 
among  geologLsts  the  least  timid  in  forming  conclusions,  and  as  it  bidtt 
fidr  to  eradicate  (me  of  a  similar  nature  deeply  rooted  in  the  minds 
«f  even  the  educated  part  of  the  general  public. 

It  has  been  well  remarked  by  the  Bev.  Mr.  Eenrick,  in  his  interest- 

ing  essay  on  Primasval  History,  that,  '*  As  we  can  assign  no  absoltito 

date  to  the  introduction  of  miin  into  the  world,  nor  even  decide  with 

eonfidenoe  whetiier  this  took  place  by  simultaneous  or  successive  acts 

of  creative  power,  so  it  is  impossible  td  define  the  time  which  he 

occupied  in  advancing  from  his  prinueval  condition  to  that  in  which 

lie  appears  at  the  commencement  of  history*."    Now,  although  wd 

are  unable  to  give  any  numerical  expression  to  the  time  of  the  ocouir- 

lence  of  events  that  have  preceded  all  historical  records  or  traditions^ 

we  may  arrive  at  a  very  firm  conviction  that  they  must  have  been  bx-^ 

tremely  remote,  by  a  consideration  of  the  very  slow  process  by  Which 

changes  take  place  on  the  surface  of  the  land,  and  in  the  forms  of 

the  ooasta  which  are  evidenily  altered  by  the  wearing  forces  of  the 

atmo^khere  and  the  sea,  without  any  catadysmal  action.    The  long 

duration  of  the  vegetable  soil  and  its  covering  of  turf  and  forest^  and 

the  resistance  to  the  wearing  effects  of  the  weather  by  many  humail 

works  in  stone  have  been  well  pointed  out  by  M.  Elie  de  Beaumontfi 

He  observes  that  plants  fixing  by  their  roots  the  superficial  soil  add 

greatly  to  its  stability, — that  the  natural  state  of  the  globe  has  be«l 

to  be  covered  with  vegetation, — ^that  its  surface  has  been  covered  by 

turf  or  by  forests, — ^tiiat  when  we  see  turf  on  a  mountain-slope  we 

may  affirm  that  it  has  been  almost  coeval  with  the  slope,  and  that 

it  has  preserved  the  soil  it  covers  for  thousands  of  years, — ^that  the 

soil  surrounding  Cyclopean  and  Druidical  monuments,  which  have 

existed  for  more  than  2000  years,  has  undergone  no  change  either 

of  increase  or  decrease, — ^that  the  existence  of  a  tree  shows  that  the 

Buifaoe  of  the  vegetable  soil  has  undergone  no  sensible  change  during 

the  growth  of  the  tree,  and  that  there  are  trees  which  have  existed 

far  many  centuries."    Professor  Phillips  in  his  recent  publication^:, 

in  reference  to  the  slow  process  by  which  peat  accumulates,  has  the 

following  passages: — *'  Man  and  the  works  of  man  have  been  pte-^ 

*  An  i^Mur  on  PiiiiuBTsl  Hiftory.    By  John  Kenriel,  MJL    London: 
YtfknrM,  1846. 
t  iMomM  do  Qiohooe  Fnti^tio»  le^on  6. 
I  jti&on  thaBwth,ilsorigmand0Uooeiiion,pp..48»49<    IMfk 
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served  in  natural  repositories  of  higlier  antiquity  than  all  the  manso* 
leums,  and  tumuli,  and  vvoyaia, — in  cayems,  in  peat-bogs^  laenstrine 
and  river  sediments,  which  derived  their  characteristic  features  from 
the  operation  of  physical  conditions  long  since  passed  away.  Thus, 
deep  in  the  sediments  of  many  of  our  British  valleys,  left  by  the 
rivers  in  some  earlier  period,  we  find  the  canoe  of  the  primitive 
inhabitant,  hollowed  by  fire  and  rude  stone  chisels  from  the  trunk 
of  the  native  oak."  '*  To  heap  twenty  or  more  feet  of  sediment  over 
the  buried  canoes  by  the  ordinary  operation  of  a  river  like  the  York- 
shire Aire  would  require  thousands  of  years :  if  it  were  not  aocuma-* 
lated  under  the  ordinary  circumstances  now  in  operation,  but  under 
different  geographical  conditions,  this  would  perhaps  require  the 
hypothesis  of  still  longer  time.  In  the  alluvial  sediments  of  this 
same  valley  lie  nearly  complete  skeletons  of  the  extinct  HippojMh 
Uimus  major 'y  in  another  place  jaws  and  horns  of  the  deer,  and 
hazel  wood  and  nuts,  some  of  them  petrified.  Perhaps  Han  was 
contemporary  with  this  extinct  Hippopotamus,  which  has  also  been 
found  in  the  peat-deposits  of  Lancashire.  The  gravel  of  Amieni 
and  Abbeville  appears  to  famish  evidence  of  a  higher  antiquity  for 
the  fiint  implements  found  there." 

The  discovery  in  Egypt  of  works  of  art  executed  more  than  3000 
years  before  our  era,  which  could  only  have  been  produced  by  a 
people  arrived  at  an  advanced  stage  in  the  slow  process  of  civiliza- 
tion (a  conviction  that  has  been  strengthened  by  the  recent  discovery 
of  works  of  human  art  at  great  depths  in  the  alluvial  soil  of  the 
Nile  valley,  which  accumulates  at  the  average  rate  of  a  few  inches 
in  a  century*)  h&s  been  gradually  producing  an  impression  in  the 
minds  of  earnest  thinkers  that  the  first  appearance  of  man  on  the 
earth  must  be  carried  far  beyond  the  time  hitherto  usually  assigned 
to  it.  When  we  come  to  reflect  upon  the  geological  changes  that 
have  occurred  in  the  configuration  and  structure  of  the  country  in 
the  north  of  France  where  the  fiint  implements  are  found,  proved 
by  the  nature  of  the  deposit  in  which  they  are  met  with  and  its 
elevation  above  the  sea-level,  and  take  into  account  the  length  of 
time  which,  according  to  all  sound  reasoning  on  geological  phenomena, 
we  must  assign  for  the  accomplishment  of  those  changes,  the  largest 
sum  of  years  which  has  been  assigned  for  the  existence  of  man  in 
Egypt  can  scarcely  amount  to  more  than  a  fraction  of  the  time  that 
has  elapsed  since  the  men  lived  who  chipped  those  fiint  implements. 

The  ground  in  which  those  worked  flints  were  found  at  Amiens 
and  Abbeville  is  a  part  of  a  great  post-pliocene  deposit  which  is 
spread  over  a  great  extent  of  the  nordi  of  Eronce,  the  geological  age 
of  which  is  determined  by  the  fragmentary  materials,  and  by  the 
nature  of  the  fossil  remains  of  extinct  species  of  quadrupeds.  It  is 
marked  in  the  geological  map  of  Erance  as  composed  of  the  group 
designated  the  *'Alluviens  ancieHnes  de  la  Bresse,  Sables  des  Landa, 
Sables  marins  superieurs  de  Montpellier,"  resting  upon  another  group 
designated  '' Faliluns,  MeulUres,  Orh  de  Fonlainebleau"  &c.    That 

»  Memoirs  on  the  Alluvial  Land  of  ISgypt,  FhiL  Trtm.  1855^  p.  10&  and 
1858,  p.  53,  by  the  Author. 
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part  of  it  at  St.  Acheul  consists  of  a  bed  of  flint-gravel  from  6  feet  to 
12  feet  thick,  resting  on  chalk.  It  was  in  this  gravel  that  the 
worked  flints  were  found,  and  in  the  lowest  part  near  the  chalk.  It 
has  been  alleged  that  the  gravel  in  this  place  is  a  case  of  what  the 
French  call  a  remaniement,  that  is,  an  accumulation  of  the  diluvial 
gravel  that  had  been  disturbed  by  a  local  flood,  or  by  man,  which 
involved  in  it  the  works  of  art  belonging  to  a  comparatively  recent 
time.  But  no  evidence  of  this  has  been  brought  forward,  and  it  lias 
been  distinctly  denied  by  M.  Gaudry  and  Mr.  Evans  in  the  papers 
quoted  above.  Other  experienced  geologists  who  have  examined  the 
localities,  both  at  Amiens  and  Abbeville,  entertain  no  doubt  that  it 
is  an  undisturbed  deposit.  I  visited  St.  Acheul  last  April,  and  am 
8urpiii$ed  that  any  one  could  see  the  least  sign  of  a  re^namenxent. 

Another  and  a  very  decisive  proof  of  the  coexistence  of  Man  with 
extinct  species  of  quadrupeds  has  been  brought  forward  by  M.  I-iartet, 
a  Foreign  Member  of  our  Society,  in  a  paper  i-ead  before  us  last  May, 
as  well  as  in  a  communication  in  the  same  month  to  the  Geological 
Society  of  Franco.  He  there  points  out  numerous  instances  of  inten- 
tional incisions  by  a  sharp  but  rude  instrument  in  such  bones.  These 
incisions  exist  when  the  bones  are  disinterred ;  and  if  the  bones  un- 
questionably belong  to  extinct  species,  and  if  the  deposit  in  which 
ttey  are  found  is  certainly  undisturbed  ground,  the  evidence  is  com- 
plete. All  these  conditions  are  fulfilled  in  the  cases  brought  forwai*d 
l)y  M.  Lartet.  He  exhibited  the  specimens  to  myself  in  the  Museum 
of  the  Jardin  des  Plantes  at  Paris  last  spring. 

To  assign  any  approximate  date  for  the  age  when  the  people  who 
formed  these  flint  implements  existed  is  impossible,  in  the  present 
state  of  our  knowledge.  But  M.  Lartet,  who  is  not  more  distin- 
guished by  his  palieontological  knowledge  than  by  habitual  caution, 
has  not  hesitated  to  express  his  belief  on  this  subject  in  the  following 
terms  in  the  paper  in  our  Quarterly  Journal  I  have  already  referred 
to : — "  M.  d'Archiac  has  been  led,  by  a  series  of  well-weighed  induc- 
tions from  stratigraphical  considerations,  to  consider  the  epoch  of  the 
separation  of  the  British  Islands  from  France  as  occurring  after  the 
deposition  of  the  diluvial  rolled  pebbles,  and  before  that  of  the  ancient 
alluvium,  the  Loess  of  the  north  of  France,  of  Belgium,  the  valley 
of  the  Rhine,  &c.  The  inference  to  be  drawn  from  that  hypothesis  is 
self-evident :  it  is  this,  that  the  primitive  people  to  whom  we  attri- 
bute the  hatchets  and  other  worked  flints  of  Amiens  and  Abbeville 
might  have  communicated  with  the  existing  country  of  England  by 
dry  land,  inasmuch  as  the  separation  did  not  take  place  until  after 
the  deposit  of  the  rolled  diluvial  pebbles,  from  among  which  the 
hatchets  and  worked  flints  have  been  collected." 

Every  geologist  must  be  of  the  opinion  of  M.  d*Archiac,  that  the 
lands  of  England  and  France  were  once  united — and  that  at  no  very 
distant  period  in  geological  time,  from  community  of  structure  and 
from  the  occurrence  of  the  remains  of  extinct  species  of  quadrupeds 
in  England  which  could  only  have  come  to  us  over  continuous  land. 
Mr.  J^ans,  in  the  memoir  above  cited,  states  that  the  gravel  at 
St  Acheul  dosolj  resembles  that  on  some  parts  of  the  Sussex  coast> 
and  that  the  beds  at  the  Moulin  Quignon,  near  Abbeville^  are  nearly 
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analogous  to  thoso  near  the  East  Croydon  station  and  in  many  parts 
of  the  valley  of  the  Thames.  The  late  Professor  Edward  Forbes,  in 
his  remarkable  paper  on  the  Fauna  and  Flora  of  the  British  I^cs 
(pp.  343  &  340),  observes  that  ^*  no  geologist  doubts  the  ancient 
union  of  the  two  sides  of  the  Channel ;  ^  and  he  considers  that  union 
to  have  existed  as  late  as  the  post-pUocene  age ;  for  he  says  that 
"during  the  post-pliocene  epoch,  over  the  elevated  bed  of  the  ylacialsea^ 
the  great  mass  of  the  flora  and  fauna  of  the  British  Isles  migrated 
from  the  Gtrmanic  re^/ions  of  the  Continent.^*  Wo  know  that  only  a 
very  moderate  change  in  the  configuration  of  the  two  coasts  has  taken 
place  during  the  more  than  1900  years  since  Julius  Caesar  crossed  the 
Channel.  Even  if  the  Channel  was  first  formed  by  a  sudden  break 
and  sinking  of  the  land,  we  cannot  conceive  so  vast  a  gulf  to  have 
been  worked  out  into  its  present  forms  on  both  sides  by  the  wearing 
action  of  the  sea,  except  during  a  period  of  vast  duration. 

The  discoveries  by  Dr.  Falconer  and  Baron  Anca  of  siliceous  stones 
in  forms  that  are  cA-idently  the  work  of  man,  mixed  with  the  remains 
of  extinct  species  of  (juadrupeds,  in  the  island  of  Sicily,  are  associated 
with  phenomena  which  indicate  that  a  rupture  in  the  continuity  of 
a  continental  land  took  place  subEX>qucntly  to  the  existence  of  man, 
on  a  still  greater  scale  than  the  channel  which  separates  England 
from  France  ;  for  they  can  only  be  explained  by  assuming  that  the 
land  now  forming  the  island  of  Sicily  was  at  that  period  a  part  of 
the  continent  of  Africa.  Not  only  have  bones  and  teeth  of  tiio  ex- 
isting African  Elephant  and  Hyaena  been  foimd  in  great  abundance, 
but  such  enormous  quantities  of  the  bones  and  teeth  of  the  Hippo- 
potamus, that  they  were  carried,  for  a  short  time,  in  ship-loads  to 
France,  in  the  expectation  that  they  might  be  used  as  agricultural 
manure,  until  it  was  discovered  that  they  were  so  far  fossilized  as  to 
have  lost  their  gelatine.  Now  it  is  clear  that  the  African  Elephant 
and  H}^na  could  only  have  come  by  land  to  those  parts  of  Sicily 
where  their  remains  are  now  found.  The  distance  between  the 
nearest  paii;  of  Sicily  and  the  coast  of  Africa,  that  is,  between  Mar- 
sala and  Cape  Bon,  is  not  more  than  about  eighty  miles ;  and  Admiral 
Smyth,  in  his  memoir  on  the  Mediterranean,  states  (p.  499)  that 
there  is  a  subaqueous  plateau,  which  he  named  Adventure  Bank, 
uniting  Sicily  to  Africa  by  a  succession  of  ridges  about  a  spot  where 
he  found  from  40  to  50  fathoms  of  water. 

In  a  communication  lately  made  to  our  Society  by  Captain  Spratt, 
relative  to  a  cave  near  Kredi,  on  the  south  side  of  the  island  of 
Malta,  in  which  there  was  a  stalagmitic  bone-breccia,  he  infonns 
us  that  he  discovered  large  quantities  of  the  bones  of  the  Hippo- 
potamus. Malta  is  58  m&es  from  the  nearest  point  of  Sicily,  and 
179  from  Cape  Demos,  the  nearest  point  of  the  mainland  of  Aftica. 
Between  Malta  and  Cape  Passaro  in  Sicily,  the  charts  give  sound- 
ings of  2S,  62,  93,  and  30  fathoms. 

As  the  ^aped  stones  are,  in  the  opinion  of  Dr.  Falconer  and  Baron 
Anca,  so  associated  with  the  bones  of  the  quadrupeds  as  to  lead  to 
the  inference  that  the  hands  which  fashioned  them  must  bsTe  been 
contemporaneous  with  the  animals,  that  part  of  the  human  nee  must 
have  been  in  existence  at  the  commencement  of  the  time  required 
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to  remove  the  greater  part  of  the  land  now  occupied  by  sea  between 
Sicily  and  Africa.  Nor  is  this  all ;  for  if  Dr.  Falconer  and  Baron 
Anca  bo  right  in  their  belief  of  Man  having  been  a  contemporary 
with  the  Hippopotamus^  the  most  probable  explanation  seems  to  me 
to  be  thisy — tiiat  since  the  commencement  of  man's  existence  there 
most  have  been  a  continent,  now  submerged,  with  the  exception  of 
those  parts  of  it  that  now  form  Sicily,  Malta,  and  Gozo,  through  which 
a  great  river  flowed,  in  whose  waters  vast  herds  of  those  monstrous 
animals  swam,  and  on  whose  marshy  banks  they  bred  for  successive 
generatioiis. 

Modem  discoveries  in  ethnology  and  philology  afford  cumulating 
proofs  of  the  veiy  remote  antiquity  of  the  himian  race.     The  Eev, 
Dr.  Williams,  in  his  review  of  Bunsen's  *  Biblical  Researches,'  ob- 
8t»rve6 : — "  There  is  no  point  in  which  archaeologists  of  all  shades 
^ere  so  nearly  unanimous  as  in  the  belief  that  our  Biblical  chro- 
iiology  was  too  narrow  in  its  limits ;  and  the  enlargement  of  our 
^ew8,  deduced  from  Egyptian  records,  is  extended  by  our  author's 
t^osonings  on  the  development  of  commerce  and  government,  and 
still  more  of  languages,  and  physical  features  of  race.     How  many 
5'ear8  are  needed  to  develope  modem  French  out  of  Latin,  and  Latin 
itself  out  of  its  original  crude  forms !     How  imlike  is  English  to 
^VTelsh,  and  Greek  to  Sanskrit,  yet  all  indubitably  of  one  family  of 
languages !     What  years  were  required  to  create  the  existing  diver- 
gence of  members  of  this  family !   How  many  more  for  other  families, 
separated  by  a  wide  gulf  from  this,  yet  retaining  traces  of  a  primeval 
siboriginal  affinity,  to  have  developed  themselves,  either  in  priority 
dr  collaterally!     The  same  consonantal  roots,  appearing  either  as 
'verbs  inflected  with  great  variety  of  grammatical  form,  or  as  nouns 
^virith  case-endings  in  some  languages  and  with  none  in  others,  plead 
as  convincingly  as  the  succession  of  strata  in  geology  for  enormous 
lapses  of  time*." 

There  undoubtedly  exists  a  widespread  belief  that  the  first  ex- 
Sstenee  of  man  belongs  to  a  period  not  very  remote  from  liistory  or 
tradition.  Every  discovery  which  threw  a  doubt  on  the  correctness 
of  that  belief  was,  until  very  recently,  regarded,  even  by  well- 
instructed  geologists,  as  an  imperfect  observation,  in  which  con- 
comitant circumstances  had  been  overlooked,  which  would  have 
shown  that  the  inference  of  a  great  antiquity  was  erroneous ;  nor 
bave  those  who  were  led  to  make  such  intercnces  been  always 
exempt  from  the  charge  of  irreverently  maintaining  opinions  at 
variance  with  Sacred  Writ.  To  what  cause  can  we  ascribe  this 
incredulity?  How  does  it  arise  that,  while  the  statements  of 
geologists  that  other  organic  bodies  existed  millions  of  years  ago  are 
tacitly  accepted,  their  conclusions  as  to  man  having  existed  many 
thousands  of  years  ago  should  be  received  with  hesitation  by  some 
geologists^  and  be  altogether  repudiated  by  no  inconsiderable  number 
among  other  educated  classes  of  society  ?  It  is  true  that  negative 
proof  18  brought  forward  that  human  bones  have  never  been  found 
associated  with  those  of  extinct  animals;  but  granting  this  to  be 
correct,  which  recent  discoveries  show  that  it  is  not  (and  the  rarity 
•  EmKj9  and  Beriewi,  p.  &L    London,  18G0. 
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of  their  occurrence  is  capable  of  being  accounted  for  on  many  rea- 
sonable grounds),  still  against  such  merely  negative  eyidenco  wo 
have  undeniable  proofs,  in  numerous  places,  of  the  existence  of  sadi 
an  association  with  man's  tuorks,  and  even  many  instances  of  his 
having  applied  the  bones  of  such  animals  to  his  wants.  My  own 
conviction  is,  that  this  wide-spread  belief  of  the  recent  existence  ol 
man  is  to  be  ascribed,  so  far  at  least  as  this  country  is  concerned,  to 
the  impression  made  by  the  lesson  taught  in  early  youth,  the  soimd- 
ncss  of  which  is  not  questioned  in  after-life,  by  that  marginal  note 
in  our  Bibles  over  against  the  first  verse  of  the  first  chapter  of  the 
Book  of  Genesis,  that  "  In  the  hefjlnning  God  created  the  heaven  and 
the  earth  "  [/o?<r  thousand  atul  four  years  before  the  birih  of  Chrisf\. 
It  is  more  than  probable  that  of  the  many  millions  of  persons  who 
read  the  English  Bible,  a  very  large  proportion  look  with  the  same 
reverence  upon  that  marginal  note  as  they  do  upon  the  verBC  with 
which  it  is  connected. 

It  will  be  useful  to  look  into  the  history  of  this  date  of  4004 
years,  given,  with  so  much  precision,  for  the  creation,  not  of  this 
our  earth  only,  but  of  the  universe,  and  to  inquire  into  the  authority 
by  which  an  addition  of  so  much  import  is  made  to  the  sacred  text. 

The  author  of  the  chronology  given  in  the  margin  of  our  Biblec 
was  Usher,  Archbisliop  of  Armagh.  I  make  no  allusion  to  any  part 
of  the  learned  prelate's  system,  except  the  date  he  assigns  for  the 
creation  of  the  world ;  that  date  comes  pro^Kjrly  within  the  province 
of  the  geologist ;  for,  as  the  almost  religious  belief  in  its  accuracy  U 
an  obstacle  to  the  acceptance  of  the  conclusions  to  which  he  is  led  by 
a  careful  study  of  the  facts  which  the  structure  of  tho  earth  exhibits^ 
he  is  fairly  entitled  to  deal  with  it. 

In  the  eighth  volume  of  the  Archbishop's  Works*,  there  is  a 
treatise  ynth  the  follo>ving  title : — *  Annales  Veteris  TESiAaiENn,  a 
jprhna  mnmll  artfjine  dediicti,'  and  in  p.  13  of  that  treatise  wo  find 
the  follo>ving  sentence : — "  Inprindpio  creavitDetis  cesium  et  terram^ 
quod  temporis  princijyiumy  jiurta  nostram  chrotiologiamj  hicidtt  in 
twctis  ilUus  initium,  quos  vitjesimum  tertlum  diem  Ociohris  praeessit^ 
in  anno  periodi  JuUance  710."  Then  folloAVS : — *^  Primo  igitur  si^cuU 
die,  Octobris  viyesimu  tertia,  feria  prima,  cum  supremo  coeh  cr^favit 
Deus  antftflos :  deinde  summo  operis  fastigio  primum  perfecto,  ad  ima 
mundance  hujus  fahricie  fundamenta  progressus  mirandus  artifex, 
injimuin  hunc  glohum  ex  ahijsso  et  terra  conflatum  constitultJ* 

In  the  eleventh  vohime  of  tho  same  edition  of  the  prelate's  works 
there  is  a  treatise  A^th  the  title — 'Chbonolooia  Sacr-\,'  in  the 
second  cliapter  of  which  the  Archbishop  thus  settles  the  number  of 
years,  before  the  birth  of  Clirist,  for  tho  creation  of  the  world : — 
•*  Ita  a  vespcra  primum  mumli  diem  apei^iente,  usque  ad  niediam 
noctem  initium  prirbentem,  25.  quidem  diet  Dec^nbris,  quo  Christum 
fiatum  supjMninuts,  amios  JuUanos  3999.  menses  TptaKoyBiifitpovs  2. 
dies  4.  et  Iwras  6.  Kalendis  vero  Januariis  anni  periodi  JuUanoB 
4714.  (a  quibtis  xmhjaris  cenfi  Christiana  exordium  deducimus)  aww$ 
4003.  menses  2.  dies  \1.  et  lioras  6.  decurrisse  coUigimus.**  This^ 
thereforc.  is  the  authority  upon  which  the  confident  belief  is  founded^ 
*  JEdilion  printed  at  Dubh'n  in  16  rob.  8vo. 


AJSyTVBBSlXY  ADDUESS  OF  THE  PBESIDEKT.  Ixix 

that  man  could  not  possibly  have  existed  upon  the  earth  for  a  longer 
period  than  considerably  less  than  4000  yeara  b.c. 

JBut  this  determination  of  the  Archbishop  is  only  one  of  many 
dates  which  chronologists,  in  their  vain  calculations,  have  presumed 
to  assign  to  this  the  most  stupendous  of  all  events,  to  attempt  to 
fom  a  faint  idea  of  which,  in  anything  relating  to  it,  will  ever  be 
gixMs  presumption  and  folly.     In  the  well-known  work,  *  L'Art  de 
reirifier  les  Dates,'  the  following  passage  occurs : — "  Les  chronolo- 
gic to  sent  loin  d'etre  d'accord  sur  lo  nombre  dcs  annees  du  monde. 
iHsfivignoles  (Chronologic  de  THistoire  Sainte,  preface)  assure  qu'il  a 
reondlle  plus  de  200  calcuk  differents,  dont  le  plus  court  ne  compte 
^uc  3483  ans  depuis  la  creation  jusqu'k  Vere  vulgaire,  et  le  plus  long 
en.  suppose  6984."   There  then  follows  a  "  Table  des  annees  ecoulees 
de^pus  Adam  jusqu*^  la  naissance  de  Jesus  Chiist,  selon  le  calcul 
Acs5i  principaux  chronologistes,"  numbering  108,  beginning  with 
**  Alphonse  X,  roi  de  Castillo,  moi-t  lo  24  Avril  1284,  dans 
les  Tables  de  Jean  Midler,  appeld  aussi  Regiomoutanus  6984," 
*^>^<i  ending  with 

•'Louis  lippoman,  savant  Venitien,  mort  on  1554 3616." 

The  Rev.  Dr.  Hales,  in  his  *  New  Analysis  of  Chronology,'  gives 
*^  similar  list  of  "  Epochs  of  the  Creation,"  and  adds : — "  Here  are 
^pwards  of  120  different  opinions,  and  the  list  might  be  swelled  to 
*^J0.  This  specimen,  however,  is  abundantly  sufficient  to  show  the 
^agracefiil  discordance  of  chronologcrs  even  in  this  prime  era." 

I  have  endeavoured,  by  inquiries  at  Oxford,  Cambridge,  Edin- 
^^h,  and  at  the  Queen's  printers  in  London,  to  ascertain  by  what 
•*pe(dfic  authority.  Royal  or  ecclesiastical,  the  date  of  4004  was 
^^ded  to  the  first  verse  in  Genesis  in  the  authorized  version,  and 
^  have  not  been  able  to  discover  that  any  record  exists  of  such  an 
^thority.  In  Lewis's  '  Complete  History  of  the  Translations  of  tho 
Jioly  Bible  into  English*,'  it  is  stated,  in  p.  349,  that,  to  an  edition 
^^  folio  of  the  Bible,  published  in  1701 ,  under  the  direction  of  Arch- 
'^ishop  Tenison,  Dr.  Lloyd,  Bishop  of  Worcester,  added  chronological 
^tes  at  the  head  of  the  several  columns,  and  on  the  margin  of  the 
"^tle  of  Genesis  the  following : — "  Year  before  the  common  year  of 
^lirist,  4004."  This  edition  is  to  be  seen  in  the  British  Museum : 
it  was  "  printed  by  Charles  Bill  and  the  executrix  of  Thomas  New- 
tomb,  deceased,  printers  to  the  King's  Most  Excellent  Majesty." 

The  copy  of  the  Bible  in  the  Bodleian  librarj',  Oxford,  in  which 
that  date  first  appears  over  against  the  first  verse  of  Genesis,  bears 
the  date  of  1727 ;  but  there  is  no  doubt  that  for  more  than  a  cen- 
tury and  a  half  that  unauthorized  marginal  note  has  been  added,  up 
to  the  present  timet. 

♦  By  John  Lewis,  AJi.,  1738.    New  edition,  London,  1818. 

t  In  the  Bojal  Library  at  Berlin,  I  last  summer  found  a  folio  Bible,  printed 
it  liege  in  170^  being  a  French  translation  with  the  Latin  Vulgate  side  by  side, 
and  OYer  agaiiut  the  first  Terse  of  the  first  chapter  of  Genesis  there  is  printed  in 
the  margin  40(M  years  for  the  creation  of  the  world. 

Editions  of  the  Bible  with  marginal  notes,  printed  at  Oxford  and  Cambridge 
in  tho  year  1858,  and  an  edition  by  tho  Queen's  Printer  in  London,  with  the 
date  of  l8G0f  have  the  same  date  for  the  same  event 
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1  have  thus  laid  before  you  the  origin  of  this  settled  point  in  Sacred 
Histor}-  as  taught  at  this  day  in  our  schools*,  and,  from  its  juxta- 
position to  the  text  of  the  Bible,  held  in  veneration  by  millions,  there 
is  every  reason  to  believe,  as  an  undoubted  truth.  The  study  rf 
geology  has  l)ccome  so  general  that  those  who  arc  instructed  in  its 
mere  elements  cannot  fail  to  see  the  discrepancy  between  this  date 
and  the  tniths  which  geology  reveals.  The  youth  is  told  in  the 
morning  at  scliool,  i)robably  by  his  own  minister  of  religion,  as  I 
myself  have  witnessed,  that  not  more  than  about  6000  years  have 
elapsed  since  the  creation  of  the  world.  In  the  evening  he  may 
attend  a  lecture  on  geolog}',  very  possibly  by  one  of  the  ninety-throe 
clergymen  who  are  Fellows  of  tliis  Society,  and  hear  that,  in  a  work 
just  issued  from  the  press  (a  Lecture  by  a  Professor  in  the  University 
of  Oxford,  delivered  before  the  Vice-Chancellor  of  the  University  of 
Cambridge),  it  is  stated  that  "  the  prol)able  length  of  time  required 
for  the  production  of  the  strata  of  coal,  sandfltono,  shale,  and  iron- 
stone in  South  Wales  is  Imlf  a  million  of  years f."'  It  is  thus  easy 
to  see  what  a  confuKion  must  ho  created  in  the  youth's  mind,  and 
tliat  he  will  involuntarily  ask  himself,  *'  WTiich  of  the  two  state- 
ments am  I  to  believe?"  There  can  be  very  little  doubt  what  his 
decision  would  be ;  for  he  found  the  lecturer  resting  his  stiitement  on 
unmLstakeable  records  preserved  in  the  great  book  of  Nature,  the 
genuine  incorruptible  register  of  God's  works ;  whereas  his  school 
instructor  had  adduced  no  e'sddence  from  the  sacred  text  for  his 
averment.  To  remove  any  inaccuracy  in  notes  accompanying  the 
authorized  version  of  our  Bible  is  surely  an  imperative  duty.  The 
rotention  of  the  marginal  note  in  question  is  by  no  means  a  matter 
of  indiflercnco :  it  is  untrue,  and  therefore  it  is  mischievous.  If  in 
future  editions  this  erroneous  date  be  removed,  the  omission  of  any 
other  will  l)est  express  that  entire  ignorance  of  "  The  Beginning " 
which  no  human  i)ower  will  ever  be  able  to  dispel. 

I  cannot  conclude  this  subject  better  than  by  quoting  the  doqnent 
wonls  of  one  of  the  most  able  and  accomplished  of  our  Associates, 
the  Rev.  Adam  Sedgwick,  who,  in  the  Api)endix  to  his  Discourse 
on  the  Studies  of  the  University  of  Cambridge,  thus  expresses 
himself +: — 

'*  Between  the  first  creation  of  the  earth  and  that  day  in  which 
it  pleased  God  to  place  man  upon  it,  who  shall  daro  to  define  the 
inten'al?  On  thh  (jacistion  Scrijtfure  is  sIhiU;  but  that  silcnoo  de- 
stroys not  the  nuuining  of  those  physical  monuments  of  his  power 
that  God  has  put  before  our  eyes,  giving  us,  at  the  same  time, 
faculties  whereby  we  may  interpret  them  and  comprehend  their 
meaning.     In  the  present  condition  of  our  knowledge,  a  statement 

*  Tlic  event  is  so  n.xx)rtled  in  three  school  liistories  of  the  Old  Testament  now 
Birllinff  at  the  Book  ])ei>oBitory  of  the  National  Society  for  Education  of  tbo 
KstabliHhed  Church.  In  a  school-book  with  the  title  of  *  Scripture  LeMona,* 
published  bj  direction  of  the  Commissioners  of  Nati(»nal  Eduration  in  Ireland, 
*'  The  Cbeatios,  b.c.  4(H)4,"  stands  at  the  lieati  of  the  First  Leseon ;  and  in  tha 
prefactt  it  is  stated,  "  These  Lessons,  as  tlie  name  imports,  are  drawn  from  the 
Sacred  Volume." 

t  Professor  Phillips.  *  Life  on  the  Earth,*  p.  134. 

;  Fimi  edition,  ltf5C».  p.  110. 
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like  this  is  sorely  enough  to  satisfy  the  reasonable  scruples  of  a 
leligions  maiu  But  lot  us,  for  a  moment,  suppose  that  there  are 
wme  religious  difficuldee  in  the  conclusions  of  geology.  How  then 
are  we  to  solve  them  ?  Not  by  making  a  world  after  a  pattern  of 
oar  own,  not  by  shifting  and  shuffling  the  solid  strata  of  the  earth, 
and  then  dealing  them  out  in  such  a  way  as  to  play  the  game  of  an 
ignorant  hypothesis ;  not  by  shutting  our  eyes  to  facts,  or  denying 
tibe  endence  of  our  senses,  but  by  patient  investigation,  carried  on 
in  the  sincere  love  of  truth,  and  by  learning  to  reject  every  conse- 
quence not  warranted  by  direct  physical  evidence.  Pursued  in  this 
^t,  geology  can  neither  lead  to  any  false  conclusions,  nor  offend 
against  any  religious  trutL" 

Appendix  to  Mr.  Hobneb's  Anniversary  Address, 

In  stating  the  evidence  for  the  early  existence  of  the  Human  Race, 
I  give  a  passage  from  an  essay  by  Dr.  Williams,  to  show  that  modem 
diaicoverieB  in  ethnology  and  philology  afford  cumulating  proofs  of 
tteyery  remote  antiquity  of  man.  When  that  paragraph  was  printed 
I  had  not  seen  an  unpublished  memoir,  entitled  *  On  the  Antiquity 
of  Han,  from  the  evidence  of  Language,'  by  John  Crawfurd,  Esq., 
F.R.S.,  President  of  the  Ethnological  Society,  and  author  of  <  The 
Grammar  and  Dictionaiy  of  the  Malay  Language,'  published  in 
1852.  From  that  memoir  I  quote,  with  the  permission  of  the  author, 
the  foDowing  passages : — 

^  Ihe  periods  usually  assigned  for  Man's  first  appearance  on  earth 
neeeesarily  date  only  from  tiie  time  when  he  had  already  attained 
Boeh  an  amount  of  civilization  as  to  enable  him  to  frame  some  kind 
of  record  of  his  own  career,  and  take  no  account  of  the  many  ages 
which  must  have  transpired  before  he  could  have  attained  that 
power.  Among  the  many  facts  which  attest  the  high  antiquity  of 
Van,  the  formation  of  language  may  be  adduced,  and  in  the  course 
of  this  short  paper,  I  shall  endeavour  to  bring  forward  a  few  of  the 
most  striking  facts  which  it  yields. 

''  Language  is  not  innate,  but  adventitious — a  mere  acquirement, 
having  its  origin  in  the  superiority  of  the  human  understanding,  like 
any  other  acquisition  derived  from  the  same  source.  The  evidence 
that  such  is  the  case  is  abundant.  Infants  are  without  language, 
and  we  see  them  slowly  and  gradually  attaining  it,  in  proportion  as 
the  brain  acquires  maturity.  Children  acquire  with  equal  facility 
any  language  whatsoever;  they  can  forget  the  first  acquired  lan- 
guage, fuid  learn  another. 

'*  Among  the  unquestionable  proofs  that  language  is  not  innate, 
is  the  pro^^ous  number  of  languages  which  exists, — some  with  a 
▼eiy  narrow  range  of  articulate  sounds,  others  with  a  very  wide  one ; 
aomo  with  words  confined  to  single  syllables,  and  others  having 
many;  some  being  of  very  simple,  and  others  of  a  very  complex 
atractnre.  Such  a  state  of  things  necessarily  implies  that  each 
tongna  was  a  separate  and  distinct  creation,  or  that  each  horde 
framed  its  own  independent  tongue. 
«« If  additional  confirmation  oftto  fact  that  language  is  an  aiflLNonn- 
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tilious  iifMjiiiicnit'iit.  wnr  wmiliiitr,  it  will  Lr  found  in  llii>,  thai   ^^ 
whole  nation  niiiy  lose  its  original  tongue,  and  in  its  stead  adopt  an>' 
foreign  one.     The  language  which  was  the  vernacular  one  of  th.c3 
Jews  3000  years  ago  has  ceased  to  be  so  for  above  2000,  and  th  ^^ 
descendants  of  those  who  spoke  it  arc  now  speaking  an  infinity  r^  i 
foreign  tongues,  —  sometimes   European    and    sometimes   Asiatic^^ 
Languages  derived  from  a  single  tongue  of  Italy  have  supersede-^* 
the  many  native  languages  which  were  once  spoken  in  Spain,  i^^ 
France,  and  in  Italy  it**clf,    A  language  of  (Jerman  origin  has  neurl 

displaced,  not  only  all  the  native  languages  of  Britain  and  Irelanc 

but  the  numerous  ones  of  a  large  portion  of  America.     Some  eigh^^ 
millions  of  negroes  are  planted  in  the  New  World,  whose  forefather:^* 

spoke  mimy  African  tongues.     These  African  tongues  have  nearl 

disappeared,  having  been  supplanted  by  idioms  derived  from  th^^ 
Genuan  and  Latin  languages. 

'*  It  necessarily  follows  from  what  has  now  been  stated,  that  Mac- ^ 
when  he  first  api>eared  on  earth,  was  destitute  of  language.  He  ha-—* 
to  frame  one :  each  separate  tribe  framed  its  o^m,  and  hence  th  -^ 
multitude  of  tongues.  However  difficult  may  appear  to  us  the  tas"  - 
of  frsiming  a  language,  thei*o  c«n  be  no  doubt  that  in  eveiy  case  th  -* 
framers  were  arrant  savages,  which  is  proved  by  the  fact,  that  th»^ 
rudest  tribes  ever  discovered  had  already  completed  the  task  o^^ 
forming  a  perfect  language.  The  languages  spoken  by  the  grovellin^^ 
siivages  (if  Austmlia  are  in  this  state,  and  even  more  artificial  and  com— ^ — 
plex  in  their  structure  than  those  of  many  people  far  more  advanced. 

**  The  first  rudiments  of  language  must  have  consisted  of  a  fen^^ 
articulate  sounds  in  the  attempts  made  by  the  speechless  but  social' 
savages  to  make  their  wants  and  wishes  known  to  each  other ;  anc^B 
from  these  first  efforts  to  the  time  in  which  language  had  attoinc^C- 
the  completeness  whieli  we  find  it  to  have  reached  among  the  nidcet^-^ 
tribes  ever  known  to  us,  countless  ages  we  must  presume  to  havor 
elaps(»d. 

•*  In  every  department  of  language  we  find  evidence  of  the  great.^ 
antiquity  of  man.  Between  the  time,  for  example,  when  men  had  ac- 
quired the  art  of  fashioning  a  club,  of  kindling  a  fire,  and  of  making- 
a  fiint  knife,  and  that  in  which  writing  was  invented,  many  ages 
must  have  passed.  The  conditions  of  quality  of  race  and  of  local 
advantages  must  have  been  propitious  to  allow  of  the  discoveiy 
ha\-ing  been  at  all ;  and  so  we  find  that  it  never  has  been  mado 
where  these  were  not  favourable. 

'<  The  Egjrptians  must  have  attained  a  large  measure  of  dviliza- 
tion  before  they  had  invented  symbolic  or  phonetic  writing,  and  yet 
we  find  these  in  the  most  ancient  of  their  monuments 

"  From  the  sketch  which  I  have  now  given  of  the  formation  of 
language,  the  conclusion  is,  I  think,  ine^'itable,  that  the  birth  of  Man 
is  of  vast  antiquity.  He  came  into  the  world  without  language,  and 
in  every  case  had  to  achieve  the  arduous  and  tedious  task  of  con* 
structing  speech  which,  in  the  rudest  form  in  which  we  find  it,  it 
must  have  taken  many  thousands  of  years  to  accomplish." — ^L.  H. 
March  20, 1861. 
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.  ^  ^VOliaiii  T.  Blanford,  Esq.,  of  the  Geological  Survey  of  India ; 
^?  Rev.  Thomas  Bigsbj  Chamberlin,  Kirton-in-Iindsey,  lincoln- 
5^i*« ;  James  SparroWy  Esq.,  Cymmau  Hall,  near  Wrexham ;  and 
''J^cliard  Fort,  Esq.,  Read  Hall,  near  Whalley,  Lancashire,  were 
*^*«ct»d  Fellows. 

^I^e  following  communications  were  read : — 

1,  On  the  Denudattoit  of  Soft  Strata. 

By  the  Rbv.  0.  Fisher,  M.A.,  F.G.S. 

(Abetract.) 

^^^(x  author  first  described  the  general  features  of  the  north-eastern 
t^^^on  of  Essex,  which  consists,  in  part,  of  table-lands  of  gravel, 
^th  valleys  cut  into  the  subjacent  London  Clay  and  terminating 
^^waid  in  tidal  rivers,  and,  in  part,  of  a  gently  undulating  surface 
^  London  Clay,  from  which  the  gravel  has  been  mostly  swept  dean 
Mray,  except  in  places  where  flat  outlying  tracts  of  gravel  still 
i^emain:  these  features  extend  also  into  the  neighbouring  county 
of  Saffi>lk.    The  tidal  rivers  are  evidently  nothing  more  than  a  con- 
tinuation of  the  valleys  beneath  the  sea-level ;  and  the  same  may  be 
laid  of  irr^:u]arly  shaped  inlets  of  the  sea,  like  that  behind  Walton- 
on-the-Naze,  which  is  a  submerged  valley  in  the  part  of  the  district 
where  the  surfiice  ia  composed  of  London  Clay. 

The  {M'eseiit  oonfigoration  of  such  a  district  cannot  be  due,  in  the 
anUunr's  opinion^  to  the  action  of  such  causes  as  we  now  see  in 
openiticn  on  the  coast  combined  with  a  slow  and  continued  elevation 

VOL.  XVn. — PARI  I.  B 


2  PROCEEDIKOS  OF  THE  OEOLOaiCAL  SOCIETT.  [NoV.  7, 

of  the  land.     Sea* waves  cannot  excavate  long  narrow  inlets  in  ho- 
mogeneous beds  (such  as  Chalk),  nor  in  horizontal  beds,  such  as  the 
gravel  and  clay  of  the  district  under  notice ;  for  the  effect  of  sea- 
waves  is  to  form  long  and  approximately  straight  lines  of  diff.    Any 
curvature  seen  in  such  a  line  of  cliff  will  be  found  to  bo  due  to  som^^ 
disturbing  cause,  as  a  variation  in  the  resisting  power  of  the  strata,**^ 
or  the  set  of  a  current,  or  exposiire  of  some  parts  to  a  greater  foru 
of  wind,  in  which  cases  a  bay  will  be  formed,  but  not  a  long  an^E 
winding  creek. 

If  it  wore  possible  (which  the  author  denied)  for  such  valleys  w^'m 

those  of  the  district  under  consideration  to  be  formed  by  wave 

action,  their  sides  should  present  the  appearances  of  degraded  difEs  ^s 
masked  with  a  talus  of  gravel  derived  from  their  crests ;  instead  ot:^: 
which,  their  sides  are  rounded,  the  gravel-beds  thinning  out  at  th^^ 
hill- top,  and  the  clay  exposed  on  the  sides ;  nor  is  there  any  evidene^^f 
of  the  existence  of  shingle-beds  at  the  foot  of  the  hills. 

The  only  other  agency  of  an  ordinary  character  to  which  sacMT^ 
denudation  could  be  attributed  seems  to  be  tidal  action,  either  at  » 
time  when  the  district  was  under  water,  or  else  during  a  gradua^i^ 
rise.     But  it  seems  impossible  that  the  diurnal  slow  passage  of  ^ssa 
body  of  water  to  and  fro  over  a  sea-bottom  could  sweep  out  divergin^^ 
narrow  channels,  carrying  clean  away  gravel  charged  with  laig^^ 
pebbles.     Nor  does  the  second  supposition  seem  more  favourable  for 
the  purpose,  because  the  rapidity  of  the  current  in  the  tidal  portionB 
of  the  rivers,  as  we  see  them,  is  not  competent  to  do  more  than  to 
keep  clear  a  comparatively  narrow  channel  in  their  centres,  the  side* 
becoming  covered  with  a  deposit  of  mud  (dry  at  low  water),  which, 
in  the  upper  portions,  forms  aUuvial  tracts  of  meadow-land;  nor  does 
there  seem  any  reason  why  the  denuding  power  of  the  tidal  rivers, 
during  a  gradual  rise,  should  be  greater  than  at  present. 

Mr.  Fisher  does  not  see  any  other  way  of  accounting  for  such  a 
form  of  surface  as  obtains  in  this  district,  in  many  others  com- 
posed of  yielding  sbrata,  than  by  a  superincumbent  mass  of  water 
rapidly  draining  off  from  a  flat  or  slightly  dome-shaped  area.  Slight 
depressions,  cracks,  or  lines  of  readily  yielding  materials  would  £st 
determine  the  course  of  the  streams  of  drainage  ;  and  these  would 
cut  channels  which  would  be  more  or  less  completely  scoured  out 
according  to  the  velocity  of  the  water.  Where  the  gravel-oovering 
of  such  a  district  was  cut  through,  the  day  beneath  would  be  dian- 
nelled  with  a  narrower  and  deeper  valley, — ^the  cutting  power  of  the 
water  being  also  assisted  by  the  gravd  hurried  along  with  it ;  and 
where  the  gravel  was  wholly  removed,  the  valleys  would  be  wider, 
and  the  intermediate  high  ground  rounded  instead  of  being  flat- 
topped.  This  character  of  surface  is  seen  in  the  most  eastern  por- 
tion of  Essex,  and  in  nearly  all  day-districts  which  are  not  low  and 
flat. 

The  surface  of  the  mud  of  a  tidal  river  left  dry  at  low  water  shows, 
on  a  small  scale,  a  configuration  identical  with  that  described,  and 
deariy  due  to  the  draining  off  of  the  superincumbent  water  when 
the  tide  falls.    The  only  cUfferenoe  in  the  mode  of  aodon  is  thiufc,  in 


I860.]  F18HEB — DEUFDATION.  3 

this  case,  sediment,  instead  of  being  swept  away,  is  not  permitted  to 
aocamnlate,  so  that  a  slower  movement  of  the  water  is  effectual 
daily  to  clear  out  the  little  valleys.  These  valleys  in  the  surface  of 
the  mud  are  not  formed  by  wavelets,  which,  at  low  water,  begin  to 
cat  a  miniature  straight  cliff  at  the  mai-gin  of  the  mud. 

These  arguments  lead  the  author  to  infer  that  the  land  must  have 
beea  elevated  by  a  sudden  movement  sufficient  to  have  caused  a 
rub  of  water  &om  the  raised  portions  to  seek  a  lower  level, — either 
the  land  being  raised  high  and  dry  at  once,  or  the  sea-bottom  raised, 
thoQ^  still  remaining  beneath  water.  Such  an  elevation  might  be 
repeated  again  and  again  with  intervals  of  submergence ;  and  many 
of  the  phenomena  connected  with  sunk  forests,  and  other  Pleistocene 
[toomena,  seem  to  show  that  such  conditions  have  really  obtained 
in  places  at  considerable  distances  apart. 

The  author  stated  that,  in  his  opinion,  escarpments,  such  as  are 
M  common  among  the  secondary  and  tertiary  strata,  are  rarely  old 
difi^and  he  thinks  that  their  rounded  forms  are  due  to  such  agency 
ai  he  has  described.  In  forming  this  opinion,  he  relies  upon  the 
following  arguments : — 

Cliffii  in  the  softer  beds  run  in  approximately  straight  lines,  or 
sweeping  curves,  while  escarpments  abound  in  nooks  and  combs 
nnuuiig  up  into  the  hill-face  (according  to  his  view,  gullies),  down 
which  the  water  has  poured  where  it  happens  to  have  broken  through 
the  crest.    Again,  a  line  of  cliff  usually  cuts  off  stratum  after  stratum, 
while  the  line  of  an  escarpment  usually  follows  the  course  of  one 
stratum,  and  is  entirely  determined  by  the  intersection  of  an  approxi- 
mately constant  level  with  its  undulating  surface,  that  level  rising 
slightly  where  the  stratum  is  harder,  and  sinking  where  it  is  softer. 
Again,  in  an  escarpment,  like  those  of  the  Chalk,  the  mouths  of  the 
Tdleys  run  down  into  the  plain  below ;  but  in  a  cliff  many  valleys 
ire  seen  to  be  cut  off  at  a  level  considerably  above  the  beach, — sl 
oondition  which  would  be  clearly  marked  in  a  hill-side  which  had 
fiHtnerly  been  a  cliff.     The  author  caimot  remember  to  have  ever 
seen  such  a  termination  to  a  valley  in  the  face  of  a  Chalk  or  other 
escarpment. 

Fro<^  of  torrential  action  in  Chalk- districts  were  referred  to, — 
for  instance,  the  perfect  drainage-system  of  the  dry  valleys  of  Salis- 
hory  Plain  and  other  extensive  tracts  of  Chalk-downs,  the  loose 
flints  filHng  the  bottoms  of  such  valleys,  and  the  immense  blocks  of 
tertiary  padding-stone  and  "  Druid-sandstone,"  scattered  along  the 
bottoms  of  Chalk-valleys,  as  in  the  Portisham  and  Bridchead  vsdleys 
near  Weymouth,  and  the  Marlborough  "Wethers"  in  Wiltshire. 
Mr.  Usher  also  thinks  that  he  sees  evidence  of  the  friction  of  a 
great  body  of  water  rushing  down  a  hill  side  in  the  manner  in  which 
Tertical  or  nearly  vertical  strata  are  usually  bent  over  at  their  ex- 
posed edges. 

In  estimating  the  denuding  power  of  such  a  cause  as  that  sug- 
gested, it  is  evident  that  the  effects  would  be  least  of  all  on  water- 
.  diedsy  great  at  the  crests  of  valley-sides,  and  greatest  of  all  in  their 
bottoms,  and  that,  where  the  velocity  was  diminished  from  aa^ 
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cause,  sediment  and  brick-earth  would  be  left  behind.  The  author 
also  sees  an  agency  competent  to  deposit  an  extensive  spread  of 
brick-earth  in  the  unlading  of  icebergs, — the  coarser  gravel  sinking 
more  quickly,  and  the  finer  particles  and  angular  splinters  less 
readily,  and  being  liable  to  be  stirred  up  and  raised  higher  by  every 
fresh  shower  of  gravel  falling  upon  them. 

The  author,  ha\'ing  shown  that  the  contour  of  the  existing  surface 
of  our  softer  strata  and  other  observed  phenomena  seem  due  to  the 
sudden  uprising  of  the  land  from  beneath  the  sea,  next  inquires 
whether  there  have  been  more  than  one  such  movement,  and  whether 
these  have  been  combined  with  periods  of  depression.  Without  en- 
tering into  any  detail  on  this  part  of  the  subject,  he  remarked  that, 
the  present  contour  being  in  the  main  the  same  as  it  was  at  the 
period  of  the  great-mammalian  fauna  (only  less  elevated),  there 
must  have  been  a  sudden  elevation  preceding  that  period,  and  that, 
during  subsequent  depressions,  the  valley  deposits  were  formed  in 
which  the  mammalian  bones  lie  entombed,  the  valleys  having  been 
again  partially  re-excavated  by  the  repetition  of  a  sudden  but  Icbe 
lofty  upheaval. 

Lastly,  it  was  pointed  out  that  sudden  vertical  movements  of  the 
surface  on  a  grand  scale  are  of  as  probable  occurrence  as  those  lessei 
movements  with  which  we  are  historically  acquainted  ;  for  the  carth'e 
crust,  to  the  depth  of  at  least  many  miles,  is  rigid  to  such  a  degre« 
that  great  changes  of  pasition  in  its  parts  cannot  occur  withou" 
actual  disruption  of  the  strata,  as  all  faults  testify.  Its  movements 
are  not  those  of  a  flexible  or  semifluid  envelope.  Now,  the  pree- 
sure  rc(]ULsite  to  rupture  .nearly  rigid  strata  will  accumulate  enor- 
moiLsly  before  they  yield  to  it,  causing  probably  a  slow  and  gradnai 
movement  from  the  want  of  absolute  rigidity ;  but  when  once  they 
are  ruptured,  they  will  be  thrown  up  or  do>*Ti  with  a  sudden  move- 
ment. This  will  be  true  even  on  old  lines  of  fault,  for  it  will  reqiiire 
a  great  and  new  accumulation  of  force  to  overcome  the  friction  on 
the  line  of  fault ;  but  when  once  the  rocks  are  set  in  motion,  the 
resistance  caused  by  the  friction  will  be  much  loss,  according  to  a 
well-knowTi  principle  in  mechanics.  Again,  if  lateral  pressure, 
arising  from  failure  of  support,  be  the  nature  of  the  force  which  has 
elevated  tracts  of  the  earth's  surface  (which  is  the  author's  persua- 
sion), such  a  pressure  might  accumulate  very  greatly  without  pro- 
ducing any  vertical  movement ;  but  as  soon  as  any  local  circum- 
stance determined  the  course  of  an  anticlinal  or  fault,  the  edges  of 
the  strata  on  one  or  both  sides  of  that  line  would  begin  to  be  raised 
with  reference  to  the  neighbouring  parts,  and  the  pressure  which,  as 
in  a  bridge,  had  long  existed  in  the  plane  of  the  crust  without  pro- 
ducing motion,  would  now  act  at  an  angle  to  the  beds  with  momen- 
tarily increasing  advantage,  as  in  a  bridge  beginning  to  fall,  tilting 
them  into  inclined  positions,  probably  crushing  them,  and  producing 
minor  dislocations  at  the  same  time. 

Tlius,  by  mechanical  considerations,  the  author  is  led  to  believe 
that  the  ordinary  nature  of  the  greater  movements  of  the  oarth'e 
crust  must  be  sudden. 
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2.  On  an  Uitdescribed  Fossil  Fern  from  the  Lower  Coal-Measures 
o/NovA  Scotia.     By  Dr.  J.  W.  Dawson,  F.G.S. 

(Abstract.) 

^  a  pq>er  on  the  Lower  Carboniferons  rocks  of  British  Amoricay 
JHiblifihed  in  the  15th  volume  of  the  Geological  Society's  Journal, 
^*  Dawson  noticed  some  fragmentary  plant-remains  which  he  re- 
ferred with  some  doubt,  the  one  to  JSchizopteris  (Brongn.),  and  the 
other  to  Sphasreda  (L.  and  H.).     With  these  were  also  fragments 
<^a  fern  resembling  Sphenopteris  (Cydopterls)  adiantoides  of  Lindley 
>od  Button.     Since  1858  the  author  has  received  a  largo  series  of 
^^^tter-preserved  specimens  from  Mr.  C.  F.  Hartt ;  and  from  these  he 
finds  that  what  he  doubtfully  termed  the  fit)nd  of  Schizopteris  is  a 
fi^tUaied  stipe,  and  that  the  leaflets  which  he  referred  to  Sphenopteris 
^^QtUoidts  really  belonged  to  the  same  plant.     Mr.  Hartt's  speci- 
mens also  lead  Dr.  Dawson  to  suppose  that  what  he  thought  to  be 
^ifiuxredas  were  attached  to  the  subdivisions  of  these  stipes,  and  may 
^  the  remains  of  fertile  pinnae,  borne  on  the  lowfer  part  of  the  stipe, 
^  in  some  modem  ferns.     This  structure  he  regards  as  being  some- 
thing like  what  obtains  in  the  Cuban  Aneimia  adianti folia,  as  pointed 
^t  to  the  author  by  Prof.  Eaton,  of  Yale  College.     No  sporangia 
^re  seen  in  the  fossil  specimens. 

Dr.  Dawson  offered  some  remarks  on  the  difficulties  of  arranging 
this  fern  among  the  fossil  Cyclopterides,  NoeffgerathuXy  and  Adian^ 
iUes ;  and,  placmg  it  in  the  genus  Cyclopteris,  he  suggested  that  it 
be  recognised  as  a  subgenus  (Aneimites)  with  the  specific  name 
Aeadica, 

The  regularly  striated  and  gracefully  branching  stipes,  terminated 
by  groups  of  pinnules  on  slender  petioles,  must  have  given  to  this 
fern  a  very  elegant  appearance.  It  attained  a  great  size.  One 
stipe  is  22  inches  in  diameter,  where  it  expands  to  unite  with  the 
stem;  and  it  attains  a  length  of  21  inches  before  it  divides  into 
branches.  The  frond  must  have  been  at  least  3  feet  broad.  The 
specimens  are  extremely  numerous  at  Horton. 

The  author  then  noticed  that  the  long  slender  leaves  so  common 
in  the  Coal-measures  of  Nova  Scotia,  and  hitherto  called  Poacites, 
though  sometimes  like  the  stipes  of  Aneimites,  are  probably  leaves  of 
Cordaiies. 

On  some  specimens  of  CycUpteris  {Aneimites)  Aeadica^  markings 
like  those  made  by  insects  have  been  observed ;  also  a  specimen  of  the 
Spirorbis  carhonarius. 
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3.  On  the  Sections  op  Strata  exposed  in  the  Excavations  /or  ih 
South  High-letel  Seweb  at  Dulwich  ;  with  Notices  of  the  roesu 
found  there  and  at  Peckham.     By  Chablbs  Eickxan,  Esq. 

(Commanioated  by  the  AMistant-Secretaiy.) 
(Abstanot) 

In  the  autumn  of  1859,  open  cuttings  were  made  at  Peckhaniy  i 
connexion  with  the  **  Effi*a  branch  of  the  Great  South  High-leT< 
Sewer,"  for  the  "  main  drainage "  of  the  metropolis  south  of  tit 
Thames ;  and  in  the  following  spring  a  tunnel  (330  yards  in  lengil 
was  being  constructed  under  the  Five-fields  at  Dulwich.  The  b« 
exposed  in  both  sections  belong  to  the  ''Woolwich  and  Readii] 
Series  "  of  the  Lower  London  Tertiaries  (Prestwich). 

Four  shafts  were  sunk  to  facilitate  the  driving  of  the  tunnel ;  ai 
the  following  beds  were  exposed ;  but,  as  some  of  the  beds  are  n 
persistent,  but  die  out  even  within  the  extent  of  the  tunnel,  tl 
several  shafts  differed  as  to  the  sections  obtained  from  them. 

1.  Soil,  9  inches.  2.  Loamy  clay  (probably  London  Clay) ;  12  i 
Not  in  shaft  No.  1  (the  most  easterly),  nor  in  No.  4  (the  mo 
westerly),  owing  to  the  convex  suifeice  of  the  ground.  8.  JA^ 
coloured  clay ;  6  to  9  ft.  4.  Reddish  sand ;  5  ft.  (not  in  No.  4  shall 
5.  Dark  clay ;  1  ft.  10 in.  6.  Blue  clay;  2  ft.  (not  in  No.  4). 
Dark  clay  ;  1  ft.  (in  No.  1  only).  8.  Paludina-bed ;  6  to  15  inchc 
[Fossils:  Pitharella  EicJcmani  (Edwards), PoZuc^fna  lenta,P.  a8pera0 
Bones  and  scales  of  Fish.  Leaves.]  9.  Cyrena-bed ;  1  to  2  i 
[Cyrena  aineiformis,  &c.]  10.  Oyster  bed;  1  to  3  ft.  [Ostrea  tener 
0,  pvlchra,  0.  BellovacinOf  0.  elephantopus,  0.  edulina,  Bysso-an 
CaiUtamli  (?),  Cyrena  cuneiformiSy  C,  deperdita,  C,  cordata,  C.  ol 
ovata,  Melania  inquinata,  Melanopsis  brevis,  Modiola  elegan8,Fusu9(? 
CdlyptroM  trochifomiis,  CorbuIaJ]  11.  Loamy  sand ;  Sin.  (in  No. 
only).  12.  Red  sand  ;  2  ft.  (in  No.  4  only).  13.  Blue  day ;  2  ft.  6  ii 
[Leaves.]  14.  Dark  sand;  8  to  28  in.  15.  Blue  day;  18  in.  1 
9ft.  [Laminated;  rich  in  Leaves,  Lignite,  Seed  vessds.  IlismH 
Cyrena  Dulwichensis  (Rickman).]  16.  Dark  sand;  2  to  4ft.  1! 
light-coloured  clay ;  2  ft.  6  in.  (in  No.  4  only).  18.  Shell-rock 
4  ft.  thick,  sometimes  intercalated  with  stiff  blue  clay.  [Oyrwi 
Dulwichensis  (Rickman),  C.  cordata,  C.  deperdita,  C.  ameiformi 
Mehnia  inquinata,  Melanopsis,  Neritina,  Pitharella  Bickmani  (Ec 
wards),  Unio,  Teredines  in  Lignite,  Scutes  of  Crocodile,  Fish-8<»le 
Chclonian  and  Mammalian  bones.]  19.  Clay;  14ft.  and  more 
reached  only  by  the  main  shaft.  No.  3,  which  appears  to  have  bee 
sunk  at  the  apex  of  a  low  antidinal ;  the  beds  gently  dipjdng  awt 
E.  and  W. 

All  the  fossils  appear  in  their  respective  beds  both  at  Peckha 
and  Dulwich. 
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NOTEMBER  21,  1860. 

Robert  Jones  Garden,  Esq.,  63  Montagu  Square;  and  Eobert 
Some,  lieut.  R.E.,  Royal  Staff-College,  Sandhurst,  were  elected 
■^csUows. 

The  following  communications  were  lead : — 

1.  On  the  Gbologt  o/ Bolivia  and  SoumsBir  Perf. 
By  David  Forbes,  Esq.,  F.R.S.,  F.G.S.,  &c. 


[Platbs  I.,  n.,  III.] 

Coin-BNTS. 


Introductioii. 


5.  Dioritic  Bocks. 

6.  Upper  Oolitio  Series  with  inter- 
stratijQdd  Poiph^tic  Bocks. 

7.  Permian  or  Triiisaio  Formation. 

8.  Carboniferous  Formation. 

9.  Deronian  Formation. 
10.  Silurian  Formation. 


"^  ^  IMaiy  and  Dilunal  Formations 
^^      oftheCoast 
^^^  Stline  Formations. 
^**-  DUuTial  Formations  of  the  Inte- 
rior. 
"^^  ToJoanic  Bocks. 

-Jhtroductian. — In  laying  before  the  Society  a  statement  of  the  ob- 
servations made  during  an  examination  of  Peru  and  Bolivia,  in  the 
jears  1857,  1858, 1859,  and  1860.  I  may  observe  that  the  present 
memmr  is  to  be  considered  as  the  first  part  of  a  report  of  the  results 
obtained  during  m^  travels  in  South  America  during  these  years ; 
and,  consequently,  it  is  believed  that  the  conclusions  here  arrived  at 
will  have  more  weight  when  considered  in  conjunction  with  the  ob- 
servations on  the  geology  and  mineralogy  of  the  neighbouring  re- 
pubUoB  of  Chile  and  the  Aigentine  provinces,  which  subsequently  I 
shall  have  the  honour  to  lay  before  the  Society, — ^more  particularly 
as  several  of  the  geological  formations  not  well  developed  or  examined 
into  in  the  district  forming  the  subject  of  this  memoir  exhibit  them- 
selves much  more  characteristically  further  south. 

Many  points  will  be  found  not  so  elucidated  or  examined  into  as 
ooold  be  desired,  and  might  appear  to  have  been  neglected ;  this, 
however,  has  not  arisen  firom  oversight,  but  is  due  to  the  great  dif- 
ficultieB  and  frequently  severe  privations  encoimtered  in  exploring  a 
eoontiy  in  many  parts  entirely  uninhabited  or  in  next  to  a.  savage 
oomditioii,  and  further  by  my  having  been  limited  as  to  time  and 
pecuniary  resources,  and  hampered  l^  other  occupations  and  by  the 
political  state  of  the  country. 

In  the  construction  of  the  accompanying  Map  and  Sections  (Plates 
I.  A  n.),  Nos.  1  &  2  of  which  give  a  good  idea  of  the  structure  and 
formation  of  Uie  different  mountain-ranges  of  the  Andes,  the  hori- 
zontal distances  are  laid  down  from  the  best  local  information  which 
could  be  procured,  and  from  data  furnished  by  the  Bolivian  Govern- 
ment-survey lately  completed.  For  the  vertical  altitudes  in  addi- 
tion to  those  determined  by  myself  barometrically,  and  occasionally 
by  boiling-point  and  trigonometrical  observations,  I  have  employed 
wme  of  the  heights  noted  on  Mr.  Pentland's  map, — and  further  the 
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following  series  of  observations  made  by  a  gentleman  for  some 
my  fellow-traveller,  Captain  Friesach,  of  the  Austrian  army,  as  g 
in  the  annexed  Table. 


Lonlitf. 


Arica ..,..„„..,. 

Tuctia ..,.,,*..-„.,,. 

Pacliia    „„,„.,.,....,„.,. 

PalcB 

I41  PoHftd». ,., 

Alto  de  Q-usjliUofl. , . 

Aricara   ,.„.., .,.,...,. 

Utihiwnima.,.,„ 

Rio  Mauri 

FuiliLuiaiu 

Cliulhnuiiytini  (paw)    ... 

Sun  Atidr€«  do  Maobacs 

NttBJiOBra    ..,.„ 

Buriri* 

Pachetu  M  Rit}  Colorado... 

Coniri ..,. 

Biauhu ,„., 

I'uduttvi    „,.,.,, „,.., 

High<^t    ^itita   between 

Unduavi  and  La  Pax... 

Tambillo dt*  Itija  ..._..,... 

DisAguadfto  .......,...,.,. 

Alto  lie  Potoei  .*.....„... 


»bOT«UK 

in  EiuUiih 

*3i 


m 

1,950 
3v560 
OJOO 
12.630 
I4.(i50 
13,750 
13,910 
13.560 
14.725 

11770 
12,890 
12JI0 
13,56& 
14,210 
13,950 
12  7SO 
10,780 

15,6.10 

12,830 
12.680 
13,580 


Looftlitr. 


La  Fax  (higbeflt  part)  ...... 

La  Paz  (Alameda). 

MiUcffiato 

Cotiifia    ........................ 

Hacienda  de  TlUmani   ...... 

Santiago.., 

Kio  de  La  Pai  on  ent^^ng  1 

YOJIEB* / 

Blo  de  la  Pax  below  Toca. . . 
Yrupana* ....................... 

KiTer  below  Yrupona  ...... 

Culumani  *.,.. 

Rio  de  Tanampajo 

Coripata. 

Corioco ,.....,.. 

River  n«ar  CorJooo    , 

Sandillan    ..,,...,...,...,,.„ 
Highest     point   between  1 

SiLtidillan  and  Unduftri  J 

Copacabana 

Piino(iOioT¥of  LakcTTiticaca} 
Ariqiupa  (plaBa)* 


Buftmut  01  Mifti,  or  voh  ] 
canoof  Ariquipa*......  f 


in  But 

7,1 

s,i 
3,1 

njt 
12,: 

19^ 


*  The  liuiight  of  the  plasa  of  ixiquipa  waa  detennined  hj  the  TorrioeU 
&TjM^riDient,  and  found  af  itat^l  abov^ ;  the  summit  of  Misti  or  Yoloaitc 
Ariquipa  waa  foiind  to  be  11,436  feet  abgve  the  pkxa  bj^a  tngonometn 
mcaaiipenxent. 


And  lastly,  in  addition  to  these,  the  following  Table  of  heigh 
mountains  in  English  feet  has  been  calculated  firom  some  oi 
results  obtained  by  the  recent  Gbvemment-survey  of  Bolivia. 


MtmntDin. 


lUampu..,..,......, 

rilimani  ,....,... 

HAJ^ma  (Toleano) 

Coololo  (ApolobajuW)  ... 
Huayna  Potofti  ............ 

Cachaoomani  (  volcano) . . . 
QtieuuAta  /  p«aks  of  Tai^ora 
Chipicani  *        (voUwno) 


in  English 


24312 
24,155 
23.014 
32,374 
21,882 
21,583 
21,2,^2 
22,087 


lionntain. 


Morufttta   , 

CaUiDBani  ......,.., 

Foimi     ........................ 

Tunaride  CCKrbabamba 

HermoBo  da  Aullagaa   ...... 

Portngalete „ 

Rapejoa 

Miati  (volcano  of  Ariquipa) 


■bov^ 
ifi  Ed 


20. 
16,. 
14. 
30, 


FOSBES ^BOLIVIA  AND  PEBU.  V 

The  strike  and  dip  of  the  rocks,  when  not  otherwise  stated,  are 
giren  with  reference  to  the  magnetic  meridian. 

In  the  arrangement  of  my  notes  it  was  found  most  satisfactory  to 
dasfiify  them  according  to  the  geological  age  of  the  deposits  in  ques- 
tion, commencing  with  the  most  recent. 

1.  Tertiary  and  Diluvial  Formations  of  the  Coast, — The  older 
Tertiary  heds  of  shells  so  characteristic  of  many  parts  of  the  Chilian 
line  of  coast  do  not  appear  to  present  themselves  from  Mexillones 
northward  to  Arica ;  hut  we  find  at  intervals  shell-heds,  containing 
exclusively  shells  of  species  now  inhabiting  these  waters,  elevated  to 
a  small  height  above  the  sea:  I  did  not,  however,  observe  any  beds 
reaching  an  elevation  of  40  feet  above  the  present  sea-level ;  and 
although  the  whole  line  of  coast  shows  unquestionable  signs  of  re- 
cent devation,  still  the  evidence  is  not  so  satisfactory,  and  appears 
to  point  out  a  much  more  irregular  action  than  further  south  along 
the  Chilian  coast-line. 

At  Cobija  1  discovered  a  bed  of  shells  in  the  immediate  neigh- 
bourhood, to  the  south  of  the  port,  about  25  feet  above  the  present 
aea-level;  and,  on  examination,  this  was  found  to  contain  only  species 
at  present  inhabiting  these  waters.  Among  these  shells  I  recog- 
nized the  following  genera : — 

Concholepas.  Fusub.  Patella. 

Mactra.  OUva.  Fissurella  (2  speciee). 

Venus  (2  spedeB).  TrochuB.  Chiton. 

Mytilua.  Turbo.  Serpula. 

TdUna.  Turritella.  BalanuB. 

I  found  also  fragments  of  an  Echinus  and  bones  of  a  Seal.  Whilst 
Egging  in  this  bed,  I  came  upon  a  small  piece  of  wood  in  a  decayed 
atate,  which  evidently  had  been  shaped  by  human  hands,  and  bore 
marks  of  having  been  cut  by  a  sharp  tool,  most  likely  of  steel,  as 
some  of  the  cuts  appeared  much  too  defined  to  be  attributed  to  a 
atone  or  other  dull  instrument. 

On  the  rocks  dose  to  the  town  are  some  deposits  of  guano,  which 
^  being  worked  to  advantage,  although  in  quality  and  thickoess 
much  inferior  to  the  guano  from  the  Clmichas  Islands  pertaining  to 
^eru.  These  deposits  are  situated  at  frt)m  20  to  40  feet  above  the 
sea-level,  and  in  appearance  are  very  similar  to  the  Chiuchas  beds 
OQ  a  small  scale. 

On  the  surface  of  these  deposits,  and  also  between  the  beds  of  the 
suue,  my  attention  was  attracted  by  a  crust  or  bed  of  a  harder  sub- 
ftanoe,  of  a  light-brown  colour,  varying  in  thickness  from  a  few 
inches  to  one  or  more  feet,  and  possessing  a  semicrystalline  and 
nitber  saline  appearance,  with  occasionally  a  faint  ammoniacal  odour. 
On  examination  I  found  it  to  contain  a  large  amount  of  ammonia 
ill  a  state  of  combination  ;  and,  at  the  request  of  the  Bolivian  Go- 
vernment, it  was  analysed  by  Mr.  Francis  Ignacio  Eickard,  of  Val- 
pwaiao,  who  obtained  the  following  per  centage  composition  : — 
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Water 12-45 

Organic  matter   17*48 

Chloride  of  ammonium    30*20 

Phosphate  of  lime 10-00 

Sulphate  of  lime 0*80 

Chloride  of  sodium 16-03 

Sand    1-60 


98-56 

From  the  ahovc  results  it  is  evident  that  this  substanoe  bad  been 
produced  by  the  action  of  sea-water,  probably  thrown  up  in  the  form 
of  spray,  on  the  g:uano-beds.  The  amount  of  ammonia  contained  in 
this  material  being  much  greater  than  in  the  unaltered  guano  itself 
this  substance^  formerly  thrown  aside  as  worthless,  is  now  exported 
in  large  quantities,  under  the  name  of  <<  Huano  petiificado,''  realizing 
a  price  considerably  higher  than  the  guano  with  which  it  occnn. 
The  low  elevation  of  these  guano-deposits  above  the  present  sea-lerel, 
and  their  thickness,  which  is  frequently  not  less  than  10  to  15  feet, 
BufHciently  prove  that,  in  parts  at  least,  they  are  of  later  origin  than 
the  shcU-bcds  previously  described.  Other  similar  guano-depontB 
arc  met  with  at  Mexillones,  Algodon  Bay,  the  newly  discovered  San 
Felipe  Islands,  and  at  various  parts  along  the  coast. 

At  several  places  along  the  coast  the  raised  beaches  are  Btrang^y 
impregnated  with  salt,  which  occurs  both  in  the  form  of  small  Imyers, 
or  imbedded,  as  well  as  irregularly  distributed  in  the  diluvial  detritus. 
This  is  the  case  at  Mollc,  Ceremoiio,  and  Patillos,  all  to  the  south  of 
Iquiquc,  and  several  other  places.  These  saline  deposits  are  found 
at  the  height  of  from  10  to  40  feet  above  the  present  sea-level ;  at 
the  two  fi^- mentioned  places  the  salt  is  so  abundant  that  cargoes 
have  occasionally  been  shipped  from  them.  On  the  top  of  the  Moiro 
de  Arica,  a  hill  about  500  feet  above  the  sea,  small  superficial  layers 
of  tolerably  pure  salt,  from  ||  in.  to  3  inches  in  thickness,  are  also 
met  with ;  and  the  fissures  on  the  side  of  the  same  hill  are  often  found 
to  be  filled  with  veins  of  salt. 

At  Arica  I  was  not  successful  in  finding  Balani  and  MiUepora 
attached  to  the  sides  of  the  '<  Mono  "  hill,  as  described  by  laeut^umt 
Frcyer* ;  and  the  many  loose  sea-shells  met  with  on  tihe  sides  and 
summit  of  the  same  I  believe  to  have  been  brought  there  by  the  nu- 
merous sea-birds,  probably  assisted,  on  the  south  slope,  by  tiie  action 
of  the  winds  and  shifting  sands. 

That  no  very  perceptible  elevation  has  taken  place  in  the  imme- 
diate neighbourhood  of  the  Morro  of  Arica  (or,  if  such  an  elevation 
had  taken  place,  that  it  has  been  followed  by  a  subsequent  depreesion 
to  nearly  the  same  level)  during  the  last  350  years,  or  since  the 
Spanish  conquest,  appears  from  tiie  numerous  Indian  tumuli  found 
along  the  beach,  for  miles  south  of  the  Morro ;  many  of  these  are  not 
20  feet,  and  some  probably  considerably  less,  above  the  present 
sea-level.    That  these  tumuli  have  not  been  constructed  since  the 

«  Darwin*B  '  Geology  of  South  America,' p.  47. 
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Spanish  inyasion  may  be  inferred  from  the  ornaments  of  gold  foimd ' 
in  them,  along  with  the  mammies,  one  of  which  I  was  informed  had 
been  foimd  by  Mr  Evans,  the  Engineer  of  the  Arica  and  Tacna  rail- 
road,  enveloped  in  a  thin  sheet  of  gold. 

Along  the  Coast  of  Chile,  on  the  contrary,  there  is  the  Mlest  evi- 
dence to  prove  that,  since  the  arrival  of  the  Spaniards,  a  very  consi- 
derable elevation  of  the  land  has  taken  place,  over  the  greater  part, 
if  not  the  whole  extent^  of  the  line  of  coast. 

North  of  Arica,  if  we  accept  the  evidence  of  M.  d'Orbigny  and 
others,  the  proof  of  elevation  is  much  more  decided ;  and  consequently 
it  may  be  possible  that  here,  as  is  the  case  about  lima,  according  to 
Darwin,  the  elevation  may  have  have  taken  place  irregularly  in  places; 
but  at  the  same  time  a  depression  or  submergence,  as  at  Callao,  could 
hardly  have  taken  place  without  having  destroyed  these  Indian  tu- 
muli, formed  in  the  loose  sand,  and  quite  incapable  of  resisting  the 
action  of  the  waves,  which  produce  a  strong  surf  along  this  rugged 
eoast. 

With  regard  to  the  evidence  of  the  rise  of  the  land,  deduced  from 
the  occurrence  of  sea-shells  strewed  over  the  surface  of  the  higher 
^[lOQiid  fdrther  inland,  it  must  be  remembered  that  the  numerous  sea- 
Inrds  which  feed  on  shell-fish  frequently  carry  their  food  to  consi- 
derable distances  from  the  sea,  and  likewise  that  shells  are  occasionally 
transported  inland  along  with  the  sand  in  the  shifting  sand-dunes 
which  are  common  enough  along  the  coast ;  where  the  slope  is  gentle, 
as  in  the  immense  inclined  plains  to  the  north  of  Arica,  this  may  fre- 
quently be  the  case.    These  sand-dunes  appear  to  attain  their  great- 
est mobility  during  the  hot  season,  when  the  parched  sand  rolls 
along  impelled  by  the  slightest  breath  of  wind,  and  several  times  re- 
minded me  of  the  extraordinary  mobility  presented  by  silica  and  some 
other  subBtanoes  in  a  state  of  fine  division  when  heated  in  a  crucible 
or  other  vessel,  especially  if,  as  it  were,  provoked  by  the  slightest 
toQch  of  a  rod. 

An  observer,  travelling  quickly  over  the  ground,  might  easily  be 

deeeiTed,  and  regard  as  evidence  of  elevation  the  occurrence  at  some 

few  spots  of  innumerable  shells  spread  over  a  small  area  or  patch  in 

the  midst  of  this  desert  landscape.     On  examination,  these  are  found 

to  be  a  land-shell  (a  species  of  Btdimus)  about  f  to  1  inch  in  length ; 

and  it  is  difficult  to  account  for  their  presence  in  these  spots,  desti- 

tate  of  all  vegetation,  except  on  the  supposition  that  they  have  made 

their  appearance  thus  abundantly  in  years  favoured  with  some  showers 

of  rain,  which  may  have  developed  in  these  scattered  spots  a  vegetation 

Sufficient  for  their  sustenance.     I  have  noticed  the  occurrence  of  such 

apots  eovered  with  these  shells  in  the  midst  of  these  desert-tracts, 

down  to  as  &r  south  as  Choros  Bajo,  a  little  north  of  Coquimbo  in 

(3iile.     Frofessor  Philippi  has  also  observed  them  at  the  Morro  de 

Hexillonea. 

The  coast  firom  Mexillones  to  Arica  is  formed  by  a  nearly  con- 
tanuous  chain  of  mountains,  rising  abruptly  from  the  water's  edge, 
and  attaining  an  average  elevation  of  about  3000  feet,  but  diminishuig 
in  hei^t  towards  their  northern  limit,  the  Morro  of  Arica,  which 
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does  not  exceed  600  feet  above  the  level  of  the  sea.  An  ooeaaoiial 
narrow  stiip  of  t»ea-l>cach  is  seen  bordering  this  range,  and  is  oom- 
posed  exclusively  of  the  debris  of  the  mountains  themselves,  whidi, 
bein^  in  many  places  nearly  perpendicular,  expose  to  the  spectator, 
passing  along  in  the  coast-steamers,  a  fine  section  of  the  diaki, 
claystoncs,  and  imbedded  porphyries  which  here  represent  the  Upper 
Oolitic  series,  and  are  occasionally  seen  disturbed  and  altered  by  the 
intrusion  of  dioritic  rocks  of  a  later  age. 

At  Arica,  however,  this  range  of  mountains  suddenly  recedes  from 
the  coast,  leaving  an  intermediate  space,  about  30  miles  broad  and 
extending  as  far  northward  as  examined,  occupied  by  gently  sloping 
plains,  evidently  ancient  sea-beaches,  which  rise  to  the  hei^t  of 
about  two  thousand  feet  above  the  sea-level.  These  plains,  being 
for  the  most  part  entirely  destitute  of  water  (as  no  rain  tsMs  in  then 
regions),  are  consequently  entirely  barren,  and  present  to  the  eye  of 
tlie  traveller  a  most  desolate  and  arid  appearance.  "When,  however, 
as  in  the  valleys  of  Tacna,  Sama,  and  Azapa,  a  scanty  supply  of 
water  does  occur,  the  soil,  noted  for  its  surprising  fertility,  piroduoeB 
a  mast  luxuriant  vegetation  of  a  semi-tropical  character. 

lliese  plains  are  composed  of  sand,  eartii,  and  gravel,  wiih  abun- 
dant fnigments,  more  or  less  rounded,  of  the  porphyritio,  dioritic, 
and  volcanic  rocks  forming  the  coast-range  of  mountains  which 
bound  them  to  the  eastward.  Even  after  a  most  careful  examinatum, 
no  single  fragment  or  boulder  of  any  extraneous  rock  was  met  with; 
so  that  no  drift-action  appears  to  have  assisted  in  the  fbnnation  of 
these  beaches,  which  appear  due  solely  to  the  action  of  the  waves 
beating  against  the  former  rugged  line  of  coast. 

In  the  Sections  No.  1  and  2,  PI.  II.,  which  cut  through  this  district, 
it  will  be  obser\'ed  that  a  volcanic  formation,  apparently  contempora* 
neous,  is  situated  in  the  midst  of  these  plahis,  which  does  not  bear 
the  appearance  of  having  been  injected  into  the  diluvial  beds  forming 
them,  but  rather  to  have  flowed  over  them,  or  more  probably  to  have 
been  deposited  on  the  top  of  them  whilst  still  under  water,  in  the 
form  of  a  tuff  or  volcanic  ash,  and  subsequently  to  have  again  been 
covered  up  by  similar  diluvial  matter ;  a  more  detailed  examination, 
however,  is  necessary  to  settle  the  question.  I  may  mention  that 
Dr.  Vance  of  Tacna  informed  me  that  near  the  railway  atthatpLaoe 
the  ground  in  a  cutting  was  found  to  be  burnt  and  altered,  as  if  fay 
igneous  action ;  this  appears  to  me  as  more  probably  due  to  still 
later  volcanic  activity. 

The  rocks  of  this  volcanic  formation  arc  all  trachytic,  and  tct^ 
quently  present  a  most  striking  similarity  to  the  domite  of  Auvergne, 
being,  like  that,  composed  of  quartz,  black  or  brown  hexagonal  mioa, 
and  a  weathered-looking  felspar,  and  form  some  four  or  six  beds, 
superposed  one  on  another,  and  of  an  average  thickness  of  about  10 
feet  each ;  these  arc  either  a  white  trachytic  tuff,  like  domite,  with 
abundant  imbedded  fragments  of  pumice,  or  a  compact  tradhyta  of  a 
reddish  or  white  colour  and  similar  composition. 

These  trachytic  tuff)  form  an  excellent  building-material,  tnm  the 
ease  with  which  they  are  worked  and  shaped,  and  aie  very  < 
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ayely  employed  for  tids  purpose  at  Arica  and  Tacna.  In  the  quarries 
of  tluB  rock  near  Tacna  I  discovered  a  mineral  very  much  resembling 
allophane  in  external  characters,  but  differing  in  only  containing 
28*49  per  cent,  of  water:  it  occurs  in  fissures  in  the  trachytes, 
forming  veins  of  firom  a  line  up  to  some  inches  in  thickness,  and  is 
probably  derived  from  the  decomposition  of  the  felspathic  element  of 
the  trachyte  by  the  action  of  water. 

2.  Saline  Formations, — Later  in  age  than  the  Tertiary  deposits, 
the  saline  formations  so  characteristic  of  this  part  of  South  America 
are  not,  as  frequently  supposed,  merely  confined  to  the  country 
surrounding  the  port  of  Iquique,  but  appear  at  intervals  scattered 
over  the  whole  of  that  portion  of  the  western  coast  on  which  no  rain 
falls,  extending  further  north  than  the  limits  of  the  map  accompany- 
ing this  memoir ;  whilst  to  the  south  they  run  entirely  through  the 
desert  of  Atacama,  and  even  show  signs  of  their  existence  further 
south  than  Copiapo  in  Chile,  thus  stretchmg  more  than  550  miles 
north  and  south;  their  greatest  development  appears,  however, 
between  latitudes  19°  and  25°  8. 

They  are  generally  superficial,  but  occasionally  reach  to  some 
small  depth  below  the  surface,  and  then  may  be  entirely  covered 
<»ver  by  diluvial  detritus ;  they  always,  however,  show  signs  of  their 
existence  by  the  saline  efflorescence  seen  on  the  surface  of  the  ground, 
which  often  covers  vast  plains  as  a  white  crystalline  incrustation,  the 
dost  from  which,  entering  the  nostrils  and  mouth  of  the  traveller, 
causes  much  annoyance,  whilst  at  the  same  time  the  eyes  are 
equally  suffering  from  the  intensely  brilliant  reflection  of  the  rays  of 
a  tropical  sun. 

The  salts  forming  these  "  Salinas,"  as  they  are  generally  termed, 
are  combinations  of  the  alkaline  and  earthy  bases  soda,  lime,  mag- 
nesia, and  alumina,  with  hydrochloric,  sulphuric,  nitric,  and  carbonic 
adds,  and  occasionally  with  boracic,  hydriodic,  and  hydrobromic 
acids, — and  in  combination  present  themselves  as  the  following 
minerals  in  a  more  or  less  pure  state : — Common  salt,  epsom-salt, 
glauber-salt,  thenordite,  glauberite,  soda-alum,  magnesia-alum,  gyp- 
8um,  anhydrite,  along  with  chloride  of  calcium,  iodide  and  bromide 
of  sodium,  carbonate  and  nitrate  of  soda,  and  in  some  places  borate 
of  lime  and  borax. 

With  the  exception  of  the  boracic  acid  compounds,  the  presence  of 

^bich  (as  subsequently  will  be  attempted  to  be  proved)  is  due  to 

Volcanic  causes,  all  the  mineral  substances  found  in  these  '*  Salinas  " 

are  such  as  would  be  left  on  evaporating  sea- water,  or  by  the  mutual 

l^eactions  of  the  saline  matter  thus  left  on  evaporation  on  the  lime, 

alumina,  and  organic  matter  found  in  the  adjacent  rocks,  soil,  and 

shell-beds;   and  as  we  have  indisputable  evidence   of  the  recent 

elevation  of  the  whole  of  this  coast,  and  bearing  in  mind  likewise 

that  no  rain  falls  in  these  regions,  it  appears  very  reasonable  to 

suppose  that  all  these  saline  deposits  owe  their  origin  to  lagoons  of 

salt  water,  the  communication  of  which  with  the  sea  has  been  cut 

off  by  the  rising  of  the  land.     When  studying  the  structure  of  the 

monntain-ranges  near  the  coast,  it  was  also  observed  that,  at  all  the 
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largr  saliiK'  (U']K»it>.  thf  chain  of  hills  to  the  westward  or  sea  side  of 
the  '"  Salinas  "  is  of  such  a  formation  as  might  on  elevation  be  ex- 
pected to  ench)8e  a  series  of  lagoons,  which,  by  means  of  the  bretki 
or  lateral  openings  in  the  chain  itself,  could  &r  a  longer  or  shorter 
period  keep  up  a  tidal  or  occasional  communication  with  the  sea  whax 
high,  which  Uius  would  pour  in  a  fresh  supply  of  salt  water  to  make 
up  for  the  loss  sustained  in  the  lagoons  from  the  evaporation  prodooe^ 
by  the  heat  of  a  tropical  sun.  It  is  therefore  not  necessary  to  sappos^ 
that  the  great  amount  of  saline  matter  generally  present  in  thei»- 
deposits  is  due  to  the  salts  contained  in  an  amount  of  sea-watecr 
merely  equal  to  the  quantity  originally  contained  in  the  lagoon,  or^ 
in  other  words,  to  the  cubical  contents  of  the  lagoons  thomselTeB. 
The  occurrence  of  salt  at  different  places  along  the  coast  at ' 
small  elevations  above  the  sea,  previously  noticed,  is  no  doubt  < 
merely  to  the  tidal  infiltration  of  sea-water  into  the  porous  iiliiin^li  ^mti 
and  other  beds,  and  its  subsequent  evaporation ;  and  must  not  b^^^< 
confounded  with  the  much  greater  and  more  elevated  saline  iltpiwilF^  n 
further  inland,  which  are  met  with  at  three  veiy  different  altitudeB^^ai 
above  the  sea,  as  follows : — 

(1)  At,  approximately,  from  2500  to  3500  feet, 

(2)  „  7000  to  8000  feet, 

(3)  „  12,500  feet 

above  the  present  sea-level,  and  which  appear  to  indicate  three  di- 

stinct  and  important  changes  in  level  in  this  part  of  South 

(1.)  The  deposits  situated  at  about  2500  to  3500  feet  above  the 
present  sea-level  include  the  important  beds  of  nitrate  of  soda 
extensively  worked  along  this  coast,  and  appear  to  run  from  latitnd^^^ 
19°  southward  into  the  northern  part  of  the  Desert  of  (4tfti*ami  _m- 
showing  themselves,  according  to  the  configuration  of  the  conntiy"  ^ 
at  distances  varying  from  10  to  40  miles  inland. 

When  in  this  part  of  the  country,  I  had  not  time  to  make  a  sun^ 
detailed  examination  of  these  saline  deposits  than  was  neoeaeary  t0 
enable  me  to  arrive  at  a  conclusion  as  to  their  mode  of  formation  tirg 
the  origin  of  the  nitrate  of  soda  contained  in  them. 

All  the  data  that  1  could  obtain  appeared  fhlly  to  oonfirm  the  "  la-* 
goon  hypothesis  *'  previously  mentioned,  and  to  prove  that  the  ori- 
ginal constituents  of  these  beds  had  mez^y  been  such  salts  as  would 
result  from  the  evaporation  of  sea- water.  The  nitrate  of  aoda  and 
some  other  associated  compounds  are  due  to  subsequent  reactioDs, 
and  consequent  docomi)osition  of  the  salt  of  the  original  deposit^ 
mainly  produced  by  the  agency  of  carbonate  of  lime  and  deoompoaing 
vegetable  matter. 

The  first  step  in  the  formation  of  nitrate  of  soda  appears  to  be  the 
decomposition  of  the  chloride  of  sodium,  or  salt,  by  carbonate  of  lime 
(in  the  form  of  shell-sand,  <&c.)  with  the  production  of  chloride  of 
calcium  and  carbonate  of  soda,  both  of  which  salts  have  been  shows 
to  be  present  in  quantity  in  the  soil  qf  these  nitrate-grounds. 

The  carbonate  oi  soda  thus  eliminated,  when  in  contact  with  the 
mixture  of  shell-sand  and  decomposing  vegetable  matter  which  may 
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be  expected  to  result  from  the  luxuriant  vegetation  around  such  a 
tiopical  swamp,  and  from  the  abundant  marine  plants  in  the  lagoon 
itself,  would  realize  the  conditions  of  the  French  artificial  nitre-beds, 
substituting  only  carbonate  of  soda  for  the  carbonate  of  potash  there 
^ued :  we  may  consequently,  with  all  fairness,  expect  a  similar  result 
in  the  production  of  nitrate  of  soda  on  a  still  larger  scale. 

This  view  appears  much  strengthened  by  the  occurrence  of  wood, 
^«ed«,  or  rushes,  and  other  v^etable  matter  in  the  nitre-grounds  at 
but  little  below  the  surface,  as  well  as  from  the  general  position  of 
the  nitrate  of  soda  in  the  saline  deposit,  as  it  invariably  occurs  in 
tlie  margin  or  outer  edge  of  these,  representing  the  shelving  sides  of 
the  hollow  or  lagoon-basin,  the  centnd  part  of  which  is  composed  of 
%ers  of  sea-salt  only,  fr^uently  several  feet  in  thickness. 

In  seeking  for  nitrate  of  soda,  the  searchers  always  look  to  the 
'ising  edge  of  such  salt-basins,  and  further  judge  of  the  probability 
®f  finding  the  nitrate  from  a  peculiar  moist  or  clammy  state  of  the 
Sitnmd,  which  is  due  to  the  presence  of  the  chloride  of  calcium  pro- 
ceed by  the  decomposition  above  explained. 

llie  quantity  of  sulphates,  and  more  especially  of  sulphate  of  lime, 

^eluded  invariably  in  these  deposits  might,  at  first  sight,  appear  to 

^e  observer  too  great  to  suppose  it  due  only  to  the  evaporation  of 

tile  sea- water;  but  I  believe  that  this  impression  will  be  dissipated 

^ben  he  sees  the  enormous  amount  of  gypsum  removed  in  the  form 

of  hard  white  cakes,  or  sedimentary  crust,  fr^m  the  boilers  of  the 

Uunge  distilling  machines  in  use  along  this  arid  coast  for  producing 

from  the  water  of  the  sea  a  supply  of  fr^sh  water  for  the  main- 

tenanoe  of  the  inhabitants,  beasts  of  burden,  and  even  the  locomotive 

engines  of  the  railways  along  this  coast.     It  appears  not  necessary 

to  suppose,  as  has  been  put  forth,  that  the  sulphates  present  have 

been  farmed  by  volcanic  exhalations  acting  upon  the  beds  of  salt. 

The  baracic  add  compounds  met  with  appear,  however,  to  be  due  to 

tibis  cause ;  and  the  borate  of  lime  met  with  in  such  large  quantities 

appears  to  be  indirectly  produced  by  the  condensed  vapours  of 

volcanic  frimeroles,  many  of  which  are  still  in  full  activity  in  this 

^kistnct. 

The  gaseous  exhalations  of  these  fiimeroles  have,  I  believe,  never 
been  submitted  to  a  chemical  examination  ;  so  that  the  presence  of 
boradc  acid  has  not  actually  been  proved ;  it  may,  however,  be  in- 
ferred frx)m  the  general  resemblance  which  these  fumeroles  bear  to 
those  of  Tuscany,  the  lipari  Islands,  dz;c.,  where  it  is  known  to  exist. 
The  borate  of  lime  is  found  only  on  the  more  elevated  part  of 
this  saline  district,  occurring  on  the  eastern  side  of  the  same,  where 
the  rising  ground  begins  to  form  the  western  slope  of  the  adjacent 
eoidillenis. 

As  vQlcanie  action  is  developed  on  a  grand  scale  in  this  moun- 
tain-nmge,  such  sol&taras  or  fumeroles,  forming  lateral  orifices  on 
the  side  of  the  mountains,  are  very  common ;  and  we  may  expect  that 
the  waters  coming  down  this  slope  carry  with  them  in  solution  the 
boracio  acid  contained  in  the  condensed  vapours  of  these  solfataras, 
wfaidi,  coming  into  contact  with  the  lime  of  decomposed  porphyry- 
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rocks,  or  the  shell-sands  of  the  plains  below,  would  combine  readily 
to  form  the  nodules  of  borate  of  lime  here  met  with. 

It  has  been  suggested  that  the  nitrate  of  soda  likewise  owes 
its  origin  to  similar  causes ;  I  consider,  however,  this  view  to  be 
untenable  where  the  vapours  themselves,  irom  the  great  amount 
of  sulphurous  and  hydrosulphuric  acid  gases  which  they  contain, 
are  of  so  eminently  deoxidizing  a  nature  as  to  decompose  any 
nitric  fumes  evolved  by  such  volcanic  action.  I  therefore  believe 
the  nitrate  of  soda  wholly  due  to  the  chemical  action  previously  ex- 
pounded. 

The  saline  deposits  of  this  series  do  not  rest  directly  on  the 
rock  it^sclf,  but  on  a  beach  more  or  less  level,  or  hollowed  out  into 
lagoon- basins,  and  composed,  as  the  present  and  the  raised  sea-beach, 
previously  described,  of  the  debris  of  tiie  adjacent  porphyritic,  dioiitic, 
and  volcanic  rocks. 

The  deposits  explored  for  nitrate  extend  from  the  river  of  Pisagua 
southward  to  Patillos,  a  distance  of  about  110  miles ;  but  latterly 
new  and  extensive  deposits  have  also  been  worked  further  south , 
inland  from  Tocopilla.  There  is,  however,  no  doubt  that  they  exist 
along  tlie  whole  coast-line  depicted  on  the  accompanying  map,  at 
from  10  to  50  miles  inland ;  the  borate  deposits,  however,  appear  to 
recede  from  the  coast,  as  they  occur  more  to  the  south,  and  strike 
to  the  eastward,  following  ^e  line  of  volcanic  action,  indicating 
thereby  their  connexion  with  the  same. 

(2.)  The  series  of  saline  deposits  next  in  elevation  are  situated 
at  from  7000  to  8000  feet  above  the  level  of  the  sea,  and  are  de- 
veloped on  a  grand  scale  in  the  northern  part  of  the  desert  of 
Atacama, — the  great  "  Salina  de  Atacama  "  extending  100  miles  or 
more  from  S.E.  to  N.W.,  with  a  breadth  of  20  to  30  miles,  and 
the  leaser  "  Salina  de  Punta  Negro  "  still  further  south  (about  30 
miles  long  and  1 2  broad) — two  examples  of  immense  salt-plains, 
apparently  resulting  from  the  drying  up  of  such  lagoons  as  those 
before  described. 

Not  having  made  a  person  til  examination  of  these,  I  am  not  in  a 
position  to  give  any  detailed  account  of  them ;  in  fact,  they  are  only 
known  in  name  and  extent,  and  have  never  been  examined. 

(3.)  At  an  altitude  of  about  13,000  feet  above  the  sea,  saline  matter 
is  found  to  occur  in  a  manner  similar  to  that  of  the  last-mentioned 
deposits.  In  Section  No.  2  (PL  II.),  at  "  Loguna  Blanca,"  extensive 
plains  and  salt-logoons  are  found, — the  latter  still  existing  as  lagoons, 
since  they  are  now  situated  on  the  extreme  l>orders  of  the  rainless 
region,  whereby  the  loss  from  evaporation  is  supplied,  in  part,  by  the 
rain  which  falls ;  and  thus  we  generally  find  extensive  plains  covered 
by  white  cni'stalline  salt,  forming  the  circumference  of  some  small  and 
generally  shallow  lake,  deserving  only  the  name  of  a  swamp  except 
in  the  rainy  season  of  the  year.  This  saline  formation,  I  beHeve,  is 
seen  more  or  less  developed  all  the  way  to  Oruro,  and  thence  over  the 
saline  plains  of  Sora-8ora,  it  extends  much  further  south,  but,  like 
the  last,  has  not  as  yet  formed  a  subject  for  more  minute  examina- 
tion, and,  from  its  occurring  in  districts  exposed  to  a  licavy  annual 
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M  of  ram,  is  naturally  not  so  characteristic  in  its  development  as 
the  two  prcTiously  described  formations^  although  at  the  same  time 
it  presents  some  very  striking  features,  and  in  some  respects  strikingly 
reminds  us  of  its  supposed  lagoon  origin. 

3.  Diluvial  Formations  of  the  Interior, — The  saline  deposits  last 
noticed  are  situated  in  the  midst  of  what  may  be  termed  the  great 
Bolivian  plateau,  ha\4ng  an  average  altitude  of  fully  13,000  feet 
above  the  sea,  and  bounded  to  the  west  by  the  Upper  Oolitic  rocks 
of  the  coatti- Cordilleras,  whilst  to  the  east  it  abuts  against  the  Si- 
lurian range  of  the  true  Andes.  This  plateau  is  not  imiform  in  its 
mineralogical  nature ;  and  when  viewed  in  section  from  east  to 
veut,  it  shows  considerable  diversity  of  composition,  arising  from 
the  ranges  of  hills  which  intersect  it  all  bearing  nearly  north  and 
south,  and  thus  dividing  it  into  so  many  longitudinal  valleys  (see 
PLU.). 

These  valleys  are  generally  occupied  by  nearly  level  plains,  formed 
rfthe  gravelly  spoil  produced  by  the  wearing  down  of  the  bounding 
ridges,  with  which  they  are  consequently  identical  in  lithological 
composition.  The  ridges  themselves  seldom  attain  a  greater  eleva- 
tion than  2500  feet  above  the  plateau,  and  are  generally  under  this 
l^t ;  but  occ^onally  volcanic  cones  thrust  themselves  up  to  more 
than  6000  feet  above  the  plain,  and  consequently  attain  an  eleva- 
tion of  folly  20,000  feet  above  the  sea-level. 

The  character  of  this  plateau  is  well  shown  in  the  Sections  Nos.  1 
ttd  2  (PL  II.),  by  a  reference  to  which  it  will  be  seen  that  it  may  be 
separated  into  three  divisions — western,  centiul,  and  eastern  (Oolitic, 
Permian,  and  Silurian,  according  to  the  nature  of  the  rocks  origina- 
ting the  diluvial  accumulations  which  fill  up  the  intermediate  basins 
w  valleys). 

The  most  western  of  these  is  essentially  composed  of  Upper  Oolitic 

^tritus,  with  an  occasional  block  of  diorite,  and  in  places  abundant 

volcanic  debris  from  the  neighbouring  eruptions.     They  are  covered 

^th  but  a  very  scanty  verdimj,  if  not  entirely  barren,  and  incrusted 

'^th  saline  matter,  and  are  generally  either  entirely  destitute  of 

'''^ter,  or  possess  some  few  springs  at  great  distances  from  one 

pother  and  of  abominable  quality — frequently,  as  at  Rio  de  Azufre 

'^^ction  No.  2),  not  potable,  and  even  causing  death  to  the  animals 

f'Aich  drink  it,  as  sufficiently  proved  by  the  bones  of  mules,  llamas, 

^*,  scattered  along  the  banks.     At  most  places  the  water  generally 

^^^^uces  bad  effects  to  those  unaccustomed  to  it,  even  when  it  is 

^tiiparatively  tasteless. 

^  Trom  an  examination  of  the  waters  fi-om  several  localities,  I  may 
^^^ervc  that  in  one  or  two  cases  it  was  perfectly  astonishing  what  an 
^^ount  of  saline  matter  might  be  present  in  water  which  might  be 
■^^med  "  palatable,''  but  which  produced  strong  purgative  effects ; 
^^  examination,  such  a  water  from  the  desert  of  Atacama  was  found 
^^  contain  a  very  large  amount  of  the  sulphates  of  soda  and  mag- 
^fsia  (Glauber  and  Epsom  salts),  associated  with  common  salt  and 
^rbonate  and  sulphate  of  lime ;  and  I  can  only  suppose  that  the 
^tter  taste  which  the  amount  of  sulphate  of  magnesia  (Epsom  salts) 

▼OL.  rvn. — PABT  I.  c 
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present  would  alone  produce  had  been  neatrolucod  or  ooncoaled  by 
the  admixture  of  the  other  salts. 

In  the  midst  of  these  plains  at  Ancara,  I  noticed  some  recent  con* 
glomerate-beds,  of  a  brown  colcnr,  composed  of  small  and  ycij  angu- 
lar pebbles,  and  more  like  a  breccia  than  a  troo  congiomerBtc.  They 
were  of  Tery  small  extent,  and  had  an  apparent  stnke  neoriy  N.  and 
8.,  with  a  low  dip  to  eastward. 

The  central  division  of  this  diluvial  formation  is  distingaiahed  «t 
first  sight  from  either  of  the  others  by  the  ix^dness  and  sandy  nature 
of  its  soil,  showing  at  once  its  derivation  from  the  Permian  or  Tri- 
'  assic  sandstones  and  marls ;  occasional  patches  aro  covered  by  vol- 
canic detritus  where  the  sandstone  hills  have  been  disturbed  by  the 
intrusion  of  the  trachytic  rocks,  well  illustrated  in  Section  No.  1. 
The  plains  thus  formed  are  well  watered  and  frequently  manhy, 
and  are  cut  up  by  numerous  rivers,  at  least  in  the  nor&em  part 
of  the  district  hero  described* ;  we  do  not  find  the  surface-water 
saline,  as  is  invariably  the  case  in  the  western  division ;  bat  occasion- 
ally, as  for  example  at  Santiago  and  at  San  Andres  (both  on  Section 
No.  2),  wo  meet  with  brine-springs,  which  futnish  the  inhafaitDnts 
with  an  abundant  and  cheap  supply  of  culinary  salt  of  excelknt 
quality,  by  simply  allowing  the  water  to  evaporate  in  the  open 
air  from  the  heat  of  the  sun.     These  brine-spiings  are  most  pro- 
bably due  to  salt-beds  situated  at  greater  deptiis  in  the  sandstonci 
of  the  formation  itsolf,  and  not  to  be  attributed  to  saline  deposits  of 
more  recent  origin. 

The  third  or  eastern  di^dsion  of  this  plateau  is,  in  its  tomy  so  dif- 
ferent in  character  fiom  either  of  the  preceding,  that  it  is  at  once 
recognized  when  encountered. 

In  Sections  Nos.  1  and  2  (PI.  II.),  this  formation  is  seen  as  a 
great  plain  abutting  to  the  east  against  the  Silurian  rocks  of  tiic 
highest  range  of  the  Andes,  to  the  d^ris  of  which  it  owes  its  origin: 
whilst  to  the  westward  it  is  confined  by  the  range  of  low  hills  of 
Devonian  strata  which  separate  it  from  the  centrd  division  of  this 
diluvial  formation.  The  intermediate  basin,  occupying  the  space  be- 
tween these  Silurian  mountains  and  Devonian  hills,  is  filled  np  to  the 
level  of  the  plain  by  an  immense  accumulation  of  clays  and  gravels, 
with  larger  pebbles  and  boulders  of  Silurian  and  granitic  rocks, — ^tho 
former  being  represented  by  grauwackes,  indurated  sandstones,  clay- 
slates,  and  shales,  which  latter  occasionally  contain  fossils  of  Silnrian 
age. 

Where,  as  in  the  valley  of  the  river  of  La  Pas  (which  from  its 
abruptness  might  almost  be  termed  a  ravine),  a  section  of  this  basin 
is  disclosed  (Section  No.  2),  its  surprising  magnitude  is  Been,  as  in 
this  place.    The  thickness,  reckoning  from  the  level  of  the  plain 


*  I  mny  here  mention  tliat  in  a  spring  at  Coinancho,  the  water  of  ^ 
appeared  to  fevl  sliditly  warm  on  immersing  the  hand.  I  found  numben  of  a 
small  uniyalre  shell ;  and  on  submitting  them  to  the  inspection  of  Pktifenar 
Philippi,  of  the  Uniyersity  of  Santiago,  in  Cliile,  he  oonsidered  them  ideutied 
with  ms  Pafudina  Afacamrnsi^  which  he  discovered  in  a  tolerably  hot  spring  ^ 
Tilopozo,  in  the  northern  part  of  tltc  Desert  of  Atacama. 
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above  down  to  tho  Alameda  of  I^  Paz,  was  found  by  measurement 
to  be  1050  feet,  consisting  of  alternating  beds  of  grey,  bluish,  and 
fawn-coloured  clays,  gravel,  and  shingle-bcds,  along  with  boulders  of 
day-slate,  grauwaeke,  and  granite,  frequently  of  enormous  size,  and 
veil  rounded  as  if  by  the  action  of  water ;  the  beds  are  nearly  hori- 
amtal,  or  dip  to  the  south.  About  300  feet  below  the  surface  of  tlio 
plain,  there  w  seen  in  this  section  a  bed  of  trachytic  tuff,  evidently 
Tolcanic,  and  about  20  to  30  feet  in  thickness.  This  is  visible  at  a 
great  distance  as  a  white  band,  running  along  the  precipices  encir- 
cling this  valley  or  ravine,  and  appears  to  be  contemporaneous  with 
the  beds  of  clay,  gravel,  and  bouldere,  which^  with  this  solitary 
exception,  form  tho  rest  of  this  diluvial  accumulation,  and  which, 
except  in  the  uppermost  beds,  do  not  contain,  as  far  as  I  examined, 
any  volcanic  detntus. 

No  trace  whatever  of  volcanic  actiWty  being  found  anywhere  in 
the  neighbourhood  of  La  Paz,  I  was  for  a  long  time  greatly  puzzled 
to  account  for  the  occurrence  of  this  very  peculiar  bed  in  the  midst 
of  diluvial  strata.  The  general  inclination  of  the  beds  themselves, 
dipping  to  the  south,  indicated  that  they  hud  been  drifted  from  the 
north  or  north-east,  and  they  appeared  to  become  narrower  towards 
lake  Titicaea,  near  which  I  found  the  large  volcanic  outburst  of 
trachytic  and  trachydoleritic  rocks  shown  in  Section  No.  1,  and  from 
which  doubtless  the  tuif  forming  these  beds  had  emanated,  and  had 
bem  carried  down  by  aqueous  action,  and  deposited  as  a  sedimentary- 
bed  in  the  series  of  clays,  gravel,  &,c,,  forming  this  groat  thickness 
of  drift. 

The  total  thickness  of  these  beds  below  La  Paz  must  certainly 
exceed  2000  feet,  and  probably  reaches  2500  feet,  being  certainly 
o&o  of  the  most  finely  developed  examples  of  this  class  of  deposit, 
hoth  as  to  magnitude  and  superficial  area.  I  am  unable  to  assign 
^J  correct  limits  to  this  formation,  which  appears  to  extend  from 
^tih.  to  south  through  the  entire  length  of  Bolivia ;  to  the  north, 
^  towards  the  Lake  of  Titicaea,  it  appears  to  diminish  in  thickness, 
^d  may  possibly  wedge  out  entirely.  The  beds  seem  to  have  a 
^^eral,  but  slight,  dip  to  the  southward. 

I  may  here  mention  that  in  a  small  pool  of  water  at  a  place  called 
^He  Tambo  de  Perez,  about  half-way  between  La  Paz  and  the  Lake 
!^  Titicaea,  I  found  numbers  of  a  small  fresh- water  bivalve,  which 
Professor  Philippi,  of  the  University  of  Santiago  in  Chile,  kindly 
Examined  for  me,  and   pronounces   to  be   the    Cyclas    ChUtnsis 
^B'Orbigny),  found  first  near  Conception  in  the  south  of  Chile, 
^here  it  is  common,  according  to  Dr.  Philippi,  both  in  Yaldivia 
^nd  Puerto  Montt.    In  these  localitieB  this  eiiell  is  found  at  but  a 
%mall  elevation  above  the  sea-level,  in  tho  coldest  inhabited  part  of 
Clhile ;  whereas  in  Bolivia,  as  above  stated,  we  find  it  under  the  tro- 
pics, but  at  an  elevation  of  about  14,000  feet  above  the  sea ;  so  that 
we  may  here  r^ard  this  excess  in  elevation  above  the  sea-level  as 
equivalent  to  the  differeme  of  about  40  degrees  in  latitude. 

Amongst  Ihe  day-beds  of  this  diluvial  formation,  near  Ia  Pu,  bb 
also  at  the  fix>t  of  Tllimani  and  near  Poto-Poto  in  the  valley  of  tbe 

c2 
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Kiver  Chuquiaguillo,  I  found  intcrstratified  a  bed  of  carbonaceouB 
matter,  approaching  to  lignite.  In  many  parts  this  appeared  as  if 
wholly  composed  of  cArbonizod  marine  or  marsh  plants,  resembling 
rushes,  reeds,  and  alg® ;  but  I  likewise  found  one  or  two  pieces  of 
unmistakeable  lignite  or  carbonized  wood.  At  all  these  places  it  is, 
probably,  that  it  is  but  one  and  the  same  bed  which  appears  at  Foto 
Poto ;  tiiis  bed  does  not  attain  a  thickness  of  more  than  from  6 
inches  to  a  foot.  At  the  foot  of  Illimani  it  is,  however,  of  much 
greater  thickness. 

A  chemical  examination,  which  I  made  of  several  of  the  clays  from 
these  strata  near  La  Paz,  showed  that  they  contained  but  a  mere 
trace  of  lime,  as  might  be  expected,  knowing  that  the  Silurian  rocb» 
of  the  high  Andes,  from  which  they  appear  to  have  been  derived, 
contain  but  traces  of  limestone. 

As  the  Silurian  origin  might  indicate,  this  formation  is  everywhere 
eminently  auriferous,  and  has  been  both  since,  and  probably  even- 
before,  the  time  of  the  Incas  very  largely  explored  for  gold.  The? 
great  quantities  of  gold  found  in  Peru  at  the  time  of  the  Spanish  con— 
quest,  had  in  greater  part,  if  not  wholly,  been  derived  from  these* 
diluvial  accumulations. 

The  rabbit-like  burrows  made  by  the  Indian  gold-workers  intcF 
the  more  auriferous  beds  are  everywhere  visible  along  the  sides  of* 
those  valleys  where  a  supply  of  water  was  not  too  distant  to  prevent 
tht^se  workers  from  transporting  the  auriferous  earth  for  the  purpose 
of  working  it :  and  frecpiently  later  explorations  have  disclo^  the 
mummies  or  skeletons  of  imfortunate  Indians,  who  have  perished  in 
these  narrow  and  toi-tuous  holes,  from  the  falling  in  of  the  superin- 
cumbent earth,  and  been  buried  along  with  their  mining  implements. 

This  system  of  working  is  now  entirely  abandoned,  and  the  mode 
of  operating  is  ver}'  different  at  present,  and  can  easily  be  understood 
from  the  annexed  sketch  (fig.  1),  which  may  be  supposed  to  repre- 
sent a  general  view  or  sketch-section  of  the  operations  carried  on  at 
the  gold-wa«hings  of  Chuquiaguillo,  near  La  Paz,  belonging  to  Mr. 
Saienz  of  tliat  city. 

As  ^-ill  be  seen  in  this  sketch,  the  valley  is,  in  the  first  instunce, 
completely  closed  up,  and  the  course  of  the  river  stopped,  by  a  rude 
wall  or  dam  of  stones  and  earth,  provided  with  sluices,  and  having 
a  portion  of  the  wall  seen  to  the  right  hand  somewhat  lower,  in  order 
to  carry  oft*  any  overflow  of  water  which  other\iise  might  disturb  the 
workings.  A  longitudinal  excavation  is  then  made  close  up  to  the 
one  side  of  the  valley,  and  of  such  breadth  as  can  be  convonicntly 
<arried  on  by  the  number  of  hands  at  disposal ;  and,  in  making  this, 
the  large  boulders  and  stones,  too  heavy  to  be  c^rrii?d  off  by  the  rush 
of  water,  are  piled  up  to  one  side,  whilst  the  earth,  gravel,  and  day 
are  merely  loosened  and  flushed  off  by  the  water  turned  on  from  the 
sluices,  allowing  the  force  of  the  stream  to  carry  them  down  the  river. 
On  arriving  at  the  several  successive  auriferous  beds,  which  are 
known  from  previous  trials,  and  which  are  denoted  by  the  dark 
bands  running  horizontally  across  the  excavation,  as  seen  in  the  sketch, 
more  care  is  taken,  but  the  whole  of  the  auriferous  earth  is  likewise 
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fluslied  off,  and,  being  so  much  heavier  than  the  rest,  deposits  itself 
at  but  a  little  distance  from  the  workings,  where  it  is  collected  and 
subjected  to  repeated  washing  in  a  trough  until  nothing  but  the 
gold-dust  remains  behind. 

Fig.  1. — Sketch  of  the  Gold-tuashings  on  the  River  Chuquiaf/uiUo, 


This  excavation  is  deepened  until  the  lowest  available  auriferous 
stratum  has  been  reached,  and  then  abandoned,  in  order  to  carry  on 
the  same  operation  parallel  to  it ;  the  boulders  and  stones  met  with 
in  the  new  working  are  thrown  into  the  old  excavation,  and  such 
excavBtiona  are  continued  right  across  the  valley.  In  a  valley  of 
fonaiderable  breadth  it  would  be  impossible,  except  by  emplopng  an 
iouneiise  number  of  hands,  to  open  out  and  lay  bare  the  whole  of  the 
auriferous  ground  in  one  excavation. 

The  auriferous  strata  occurring  in  these  diluvial  accumulations 
^^,'m  Bolivia,  generally  known  by  the  name  of  "  Veneres,"  and  ap- 
pear to  correspond  to  what  are  technically  termed  **  floors  "  by  the 
gold-diggers  of  Califomia  and  Australia,  being,  as  it  were,  the  floor 
^^  elay.bottom  upon  which  the  gold-dust  had  settled  down,  subse- 
<|UentJy  covered  up  by  alternating  beds  of  coarser  sand,  gravel,  and 
^^ottlders :  above  this  a  similar  floor  and  coarser  beds  might  in  their 
^  be  found,  as  in  the  sketch  of  the  washings  on  the  Chuquia- 
^^^  (fig.  1) :  and  where  these  diluvial  strata  are  of  still  greater 
^^U^eaSy  a  proportionate  number  of  "  veneros  "  are  generally  found 
**  occur. 

These  "  diggings"  are,  as  might  be  expected,  confined  to  the  sides 
^THlleys  and  beds  of  rivers  which  contain  water*  sufficient  for 
^^aahing.     The  celebrated  workings  of  Tipuani  and  those  in  the 

*  The  tiwen  of  this  part  of  the  world  arc  too  frequently  **  Bios  Secos/'  a 
^iuuah  term  which  is  generally  adopted. 
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Yungas  appctir  also  to  belong  lo  diluvial  aci.'Uinulations  of  this  same 
geological  age. 

The  valley  of  La  Paz,  being  entirely  cat  out  of  this  great  dfluTial 
formation  by  the  action  of  the  river  which  traTeraes  it,  is,  as  nuffht 
bo  expected,  often  exposed  to  considerable  landslips  during  tiie 
extremely  heavy  rains  of  the  wet  season :  when  residing  there,  I 
witnessed  such  a  landslip,  which  blocked  up  the  rolley  and  erased 
it  to  be  inundated  to  a  considerable  distance  by  the  damming  up 
of  the  river.  In  many  parts  also  the  action  of  the  rains  and  analL 
rivulets  formed  by  them,  cutting  through  these  immense  day  aniL 
gravel  strata,  forms  a  most  striking  and  pictmesque  landBCspe^ 
The  slope  of  the  valley  of  I^a  Paz,  for  example,  is  seen  cut  up  intx^ 
innumerable  ravines  of  great  depth,  whilst  pinnacles  of  nune  ' 
60  feet  in  height  will  be  left  standing  in  great  nnmbere  and  of  i 
variety  of  form,  frequently  quite  isolated,  and,  fixym  their  sLend 
proportions,  often  looking  like  needles  or  pillars  fonned  artifidilly  ^^ 
the  sides  of  these  show  a  very  pretty  sectionf  of  the  variegated  i '  ^ 
and  gravels  that  previously  had  fonned  the  bods  from  which  I 
had  been  carved  out  and  left  as  standing  mementos. 

At  the  same  time  the  roads  wiU  bo  hollowed  and  traversed  b^^ 
chasms,  natural  arches,  and  subterranean  holes,  of  the  stnngesi^^^ 
form,  too  frequently  proing  dangerous  to  the  rider  passing 
them.    Tlicsc  effects,  in  general  only  seen  in  miniatoro  elsewheRc 
present  themselves  on  such  an  immense  scale  as  to  leave  a 
decided  impression  on  the  observer. 

4.   Volcanic  Bods. — Although  these  rocks  are  occasionally  ] 
recent  than  any  of  the  deposits  previously  treated  of,  and  are  in  plnnn^w-  *: 
as  from  the  volcano  of  ^Vriquipa,  &c.,  ejected  at  tho  present  day^ 
still  it  is  preferred  to  consider  them  in  this  sequence,  fran  tho  < 
80  assigned  to  them  being  one  in  which  they  appear  to  have  atl 
their  maximum  development,  and  in  which  they  have  produced  i 
grand  changes  in  tho  configuration  and  level  of  this  part  of  Sootfa^^ 
America. 

They  are,  as  seen  in  Section  No.  2,  contemporaneous  with  the  i 
dihivial  formations  at  La  Paz,  and  possibly  may  there  represent  i 
early  Tertiarj-  period,  from  which  time  to  the  present  th^  seem 
have  been  in  more  or  less  continuous  activity,  and  to  have  present 
themselves  with  the  same  general  characters  and  under  very  i " 
circumstances. 

M.  d*Orbigny*  has  classified  these  rocks  as  of  two  distinct  ages, 
kno^vn  by  their  differing  slightly  one  from  another  in  their  state 
of  aggregation  and  the  presence  of  augite.  An  attentive  study  of 
these  volcanic  deposits  showed  how  difficult  it  was  to  draw  any  such 
defined  line  of  demarcation  in  rocks  which,  as  before  stated,  possess 
all  mmn  features  in  common ;  and  in  fiEu;t  seemed  to  show  that  M. 
d*Orbigny's  two  (dassos  are  in  reality  (at  least  in  many  cases)  one 
and  the  same,  presenting  slight  differences  in  mineral  charaoter  on 

*  M.  Pirtis  also.  Annalcs  dcs  Mines,  l8o6:  **BeeheNhe8  lur  le  Efysteme  d» 
Soulvvcmcnt  de  l*Ameriquc  du  fcSud.*' 
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[  icoount  of  the  one  being  subaerial,  or  injected  between  the  strata, 
^  ibeieas  the  other  has  been  subaqueous,  and  in  consequence  is  fre- 
quently met  with  as  a  tufaceous  bed  interstratified  with  other  strata 
tf  aclmowledged  sedimentary  origin.  As  both  such  rooks  might  be 
at  one  and  the  same  time  in  course  of  formation,  this  difference  can 
baldly  be  looked  upon  as  indicating  a  difference  in  geological  ago. 

The  Sections  Noe.  1  and  2  (PL  II.)  are  fully  sufficient  to  show 
how  important  a  part  volcanic  action  has  taken  in  altering  the  con- 
toun  of  the  mountain-ranges  here  traversed :  probably  in  no  part  of 
the  world  do  we  find  volcanic  phenomena  more  energetically  developed 
or  affecting  so  great  a  territorial  area. 

Aa  will  be  seen  from  the  accompanying  Map  (PI.  I.),  the  volcanic 
rocb  fonning  at  the  north  the  active  volcano  of  Ariquipa  and  others 
ifl  Uiat  neighbourhood  are  cut  through  in  Section  No.  1  (PI.  II.) ; 
«id  still  frirther  south,  in  Section  No.  2,  they  form  the  volcano  of 
Tacora  or  Chipicani,  19,740  feet  above  the  level  of  the  sea ;  still  far- 
mer south  they  form  the  more  or  less  active  volcanos  of  Sajama 
(22,915  feet),  Coquina,  Tutapaca,  Tucalaya,  Isluga,  Calama,  Ata- 
^^una,  licancau,  Toconado,  Llullayacu,  and    others  intermediate, 
^hichf  in  conjunction,  form  an  almost  continuous  range  of  volcanos 
into  that  part  of  the  Desert  of  Atacama  pertaining  to  Chile,  through 
Vhich  country  we  find  this  volcanic  range  appearing  at  intervals ; 
%ad  still  more  to  the  southward  it  is  doubtless  in  connexion  mth 
the  volcanos  of  Patagonia,  tho  north  of  Magellan's  Straits,  and  Terra 
del  Fu^o.     As  will  be  seen  from  this,  the  general  direction  will 
be  nearly  north  and  south ;  and,  from  a  study  of  the  line  of  fracturo 
and  position  of  the  intruded  rocks,  it  would  appear  that  the  sub- 
terranean force  here  exerted  had  its  centre  to  the  west  of  this  line, 
and  had  acted  at  a  high  angle  from  the  west  towards  the  east. 

The  beds  of  trachyte  and  trachytic  tuff  which  are  seen  interstratified 
in  the  raised  beach  at  Tacna,  Azapa,  &c.,  and  also  in  the  great  diluvial 
formation  of  La  Paz,  have  already  been  noticed.  Further  east,  in 
Section  No.  1,  at  Tarocacho,  a  very  peculiar  volcanic  conglomerate  and 
tuff  stratum  was  met  with,  remarkable  for  the  columnar  structure 
which  presents  itself  on  a  very  large  scale  on  the  side  of  the  nearly 
perpendicular  hill  under  which  the  road  passes ;  the  columns  are  so 
well  developed,  that,  seen  from  the  road,  they  look  as  regular  as 
similar  basaltic  formations.  On  Section  No.  2,  at  Palca,  and  still 
further  east,  at  Questa  Blanca,  deposits  on  no  great  scale,  of  a  white 
crumbly  trachytic  tuff,  composed  of  more  or  less  decomposed  felspar, 
with  quartz  and  hexagonal  black  or  brown  mica-plates  and  an  occa- 
sional speck  of  augite,  are  met  with  as  more  or  less  horizontal  beds, 
lesting  unconformably  on  the  highly  inclined  strata  of  liassic  shales, 
&c« ;  both  of  these  deposits,  as  well  as  the  previously  mentioned  one  at 
Tarocachoy  appear  to  be  remnants  of  some  more  extensive  bed  of  sedi- 
mentary origin  formed  of  volcanic  tuff  and  ashes  from  the  volcanos 
dtoated  still  higher  up  the  range. 

In  Sections  Nos.  1  and  2,  the  great  volcanic  formation  is  seen  a 
Httle  farther  to  the  east,  forming  a  high  ridge  or  range  of  peaks 
averaging  from  16,000  to  19,000  feet  above  the  sea,  visible  from  tho 
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(•()a>l,  and  LTfiicrally  liavin;^  tli(.'ir  Muiiinits  coated  with  snow.  In 
both  Seclious  (iS'os.  i  and  2)  this  range  breaks  through  the  Upper 
Oolitic  scries  of  shales,  claystones,  porphyry-conglomerates,  tuff,  and 
mbedded  pori)hyries,  and  above  Taratu  has  enclosed,  or  at  all  events 
dislocated,  a  large  mass  of  these  (seen  in  Section  No.  1),  in  which 
sevci-al  strings  of  copper-ore^  were  noticed  :  the  volcanic  rocks  here 
arc  continuous  with  those  foiming  the  volcano  of  Chipicani,  seen  on 
^^ection  No.  2.  This  I  have  not  ascended ;  I  have  only  passed  along 
the  Hloi)ing  plain  at  its  base,  the  fragments  of  volcanic  rocks  on 
wliich  left  no  doubt  of  its  character.  Before  coming  to  Uchusuma  I 
noticed  a  step-like  sciies  of  trachytic  tulaceous  beds,  so  characteristic 
of  this  rock  when  mot  with  in  this  part  of  the  world,  each  step  beinji; 
apparently  a  bed  of  great  extent,  and  varying  in  thickness  from  10 
to  30  feet :  these  are  called  *'  Ancomarca  "  by  the  Indians,  from 
their  white  colour ;  they  extend  nearly  to  the  River  Caiio,  at  which 
place  their  fonnation  is  well  illustrated  in  Section  No.  2.  It  would- 
ai>pear  that  they  had  been  enipted  through  long  narrow  fissures  oi — 
dykes  and  i)oured  out  over  the  country  either  as  lava  or,  in  somaw 

cases,  as  light  volcanic  aslies*  emitted  from  the  fissures,  and  de 

posited  on  the  p'ound  in  their  neighl)ourhood,' where  they  have  gra ■ 

dually  consolidated  into  beds.     At  the  Eio  Caiio  two  such  fissure^^ 
are  seen,  l)earing  nearly  E.  and  W.,  and  dipping  15®  to  the  south,  the— — 
more  western  ot  which  can  be  traced  for  miles  as  far  as  the  eye  can^e^ 
reach,  ai)poaring  as  a  narrow  white  band  or  ridge,  elevated  one  on"^ 
more  feet  above  the  groimd,  from  its  having  resisted  the  atmosphcrLS^ 
better  than  the  porphyiy-conglomerate  thiwigh  which  it  breaks— 
Sometimes,  as  at  the  llio  Mauri  (Section  No.  2)  and  Chulluncayani.*i 
these  are  seen  capping  the  roctks,  and  jirescnting  the  appearance  o^"' 
white  bands  mnning  along  the  precijntous  Hanks  of  the  hills  or" 
ravine>» ;    at  risacoma,  Section  No.  2,  this  is  also  seen,  as  well  a^ 
the  occurrence  of  similar  bands  injected  between  the  beds  of  the? 
red  sandstones,  and  sometimes  continuous  for  miles.     As  might  bc5 
expected,  the  contrast  in  colour  betN\'wn  these  white  trachytic  rocks 
and  the  dark-coloured  Oolitic  or  lied  Sandstone  rocks  which  they  cap« 
or  with  which  they  are  intei-strntified,  fixjquently  at  an  immense  height 
up  the  nearly  peii)cndicular  sides  of  these  rugged  and  barren  momi' 
tains,  is  wonderfully  characteristic,  and  visible  at  very  great  distances. 
When  breaking  through  sedimentary'  rocks,  these  lateral  eniptionii 
appear  in  general  to  conform  themselves  to  the  line  of  stratification, 
evidently  from  this  aflbrding  less  resistance,  and  there  being  always 
a  much  greater  tendency  for  a  fissure  or  crack  to  follow  this  Hne  than 
to  break  through  the  more  solid  beds. 

Between  the  Oolitic  series  and  the  Permian  or  Triassic  sandstones 
in  Section  No.  1,  as  well  as  between  these  last  and  the  Carboniferoiia 
basin  of  the  Lake  of  Titicaca,  we  find  great  tracts  which  to  the  passer- 
by present  to  the  eye  no  signs  of  other  rocks  than  volcanic,  and  are 
occupied  by  plains  or  low  rounded  hills,  covered  on  the  surfoce  with 
abundant  fi-agments  of  trachyte  and  tracli3'dolcrites  or  with  volcanic 
alluvium,  composed  of  grains  or  sand  of  colourless  quartz,  white  or  co- 
*  Fr«iiicntlr  cont-iiitiup  iiiv.cli  pumice. 
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Vmiiess  felspar,  hexagonal  brown  or  black  mica,  and  black  or  green - 
^lack  crystals  of  augite,  along  with  black  magnetic  oxide  of  iron,  always 
^Muid  as  a  black  magnetic  sand  when  a  magnet  is  drawn  along  the 
wface.     In  passing  over  these  plains  the  traveller's  attention  is  at- 
tracted, and  his  eyes  dazzled  and  wearied,  by  the  glittering  specks 
arising  from  the  reflection  of  the  sun's  rays  from  the  numerous  small 
quartz-crystals  strewed  along  the  surface.     The  solid  volcanic  rock 
^only  occasionally  met  with ;  but  hillocks  are  frequently  seen  which, 
judging  from  their  surface  at  least,  are  entirely  composed  of  larger 
itui^ses  or  fragments  of  trachytic  and  trachydoleritic  rocks.    I  do  not 
<^<*i^idcr  these  tracts  as  representing  spaces  occupied  by  the  actual 
Ptitrosion  of  volcanic  matter,  but  in  some  cases  regard  them  as  only 
^^Vcred  by  sheets  of  such  trachjrte  or  trachydoleritic  lava  poured 
?^t  from  longitudinal  dykes  or  fissures  such  as  before  described ;  and 
^^  f)ther  instances  I  even  suppose  them  to  be,  in  part  at  least,  composed 
^^  volcanic  ashes,  tufl^,  or  debris,  spread  over  the  surface  by  the  action 
^^  water*. 

As  for  as  I  could  observe,  the  volcanic  rocks  do  not  an3rwhere 
^IJl^pear  breaking  through  the  Silurian  rocks;  but  in  the  north  of 
^J^^livia  they  are  seen  on  the  Map  (PI.  I.)  as  cutting  through  the 
"^-^evonian  scsries  netir  Hachecache  and  the  Lake  of  Titicaca,  a  di- 
stance of  more  than  200  miles  from  the  coast  in  a  direct  line :  this  I 
^-^^^eve  may  be  considered  as  the  most  inland  point  at  which  volcanic 
X^henomena  make  their  appearance  on  the  westc*m  side  of  the  high 
-^jides.     These  rocks  are  idl  in  situ,  and  are  true  trachydoleritic  and 
^"clspatMc  lavas  which  have  broken  through  the  strata,  part  of  which 
•cire  in  consequence  greatly  altered.     These  lavas  are  fiirthcr  charac- 
terized by  the  peculiar  parallel  arrangement  of  their  mineral  con- 
stituents, which  give  that  ribboned  appearance  due  to  the  strioe  of 
fusion,  sudi  as  are  frequently  seen  in  more  recent  lavas. 

Professor  Philippi  having  allowed  me  to  examine  a  series  of  rock- 
specimens  which  he  had  procured  during  his  travels  in  the  desert  of 
Atacama,  I  found  that  the  volcanic  ix>cks  from  Punta  Negra,  Tilopozo, 
Toconado,  Sorras,  Atacama- Alta,  &c.  were  all  trachytes  or  trach}'tic 
tofBs,  and  precisely  identical  in  mineral  composition  and  character 
with  those  from  the  more  northern  pai*t  of  Bolivia  which  I  have 
more  specially  examined ;  and  from  his  notes,  which  he  also  kindly 
placed  at  my  disposal,  I  find  that  from  Han  Bartolo  to  Chaiiaral 
Bajo,  a  distance  of  about  250  miles,  we  have,  as  in  Sections  Nos.  1 
and  2,  a  ridge  formed  by  an  almost  continuous  series  of  lateral 
outbreaks  of  such  lava  cutting  through  and  flowing  over  the  dioritic 
rocks  and  the  porphyries,  shales,  t&c.  of  the  Oolitic  series,  which,  as  at 
Chaoo  and  other  places,  contained  in  abundance  Liassic  PosidonioB, 
Ammonites,  &e. 

The  large  lateral  overflow  of  lava,  from  25  to  30  miles  long  and 
several  miles  in  breadth,  extending  fi'om  San  Bartolo  to  San  Pedro 

*  The  pUun  at  Santiago  de  Machaca,  Section  No.  2,  contains  much  Tolcanic 
lUininm,  aa  deacribed,  and  teems  rather  to  have  been  formed  by  such  aqucoua 
action.  I  did  not  find  sufficient  evidence  for  colouring  it  as  a  sheet  of  tracliytio 
lara,  as  M.  Piacis  liaa  done. 
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de  Atacama,  is  composed  of  a  trachyte  or  trachytic  toff,  consisting  of 
a  white  or  flosh-eoloured  felspathic  base,  in  which  are  imbedded 
plates  of  hexagonal  brown  or  black  mica,  and  numberless  perfect 
cr}stal8  of  colourless  quartz  from  ^th  to  ^^ths  of  an  inch  in  length 
and  having  both  ends  terminated  by  perfect  pyramids ;  these  quartz- 
crj^stals  can  be  extracted  from  their  matrix,  leaving  a  perfect  mould 
in  the  felspathic  base,  from  which  they  had  evidently  been  the  first 
.mineral  element  to  crystallize. 

The  trachytic  lavas  of  the  other  parts  of  Bolivia  and  Peru  very 
commonly  show  the  quartz  so  crystallized  ;  and  in  Sections  Nos.  1  and 
2  such  are  also  met  with,  but  not  so  beautifully  developed  as  from  San 
Ikitolo  southwiirds.  Both  at  Atacama-Alta,  Toconado,  Sorras, 
Tilopozo,  and  otlicr  places  along  the  line  of  Dr.  Philippi's  route,  the 
8i)ecimens  also  showed  characteristic  trachytic  tufe  and  trachy- 
dolerites.  In  some  of  the  tuffs  the  quartz  present  was  in  the  form 
of  rounded  grains,  as  if  due  to  attrition,  or  more  resembling  the  effect 
which  igneous  action  would  produce  in  rounding  oflf  the  edges  by 
fusion,  or  by  the  solvent  action  of  some  fluid  compound  in  the  lava 
acting  on  the  crystals  once  formed. 

Tliere  is  but  little  variety  met  with  in  the  volcanic  rocks  of  this 
part  of  the  world,  those  of  Peru,  Bolivia,  and  Chile  being  all  very 
Himilar  in  external  appearance  and  mineral  composition :  the  principal 
rocks  are  trach}'tes,  trachytic  tuffs,  trachydolerites,  doleritos,  and 
felspathic  lavas. 

The  trachytes  and  trachytic  tuffs  arc  generally  white,  but  occasion- 
ally of  a  pale  flesh-  or  fawn-colour,  and  are  composed  of  a  felspathic 
base,  probably  only  consisting  of  one  felspar  (frequently  crystallized, 
but  also  met  with  in  a  more  amorphous  form),  colourless  quartz  (al- 
ways crystallized, and  often, as  described,  in  perfect  crystal8),and  black 
or  tombak-bro>vn  mica  crystallized  in  small  hexagonal  plates,  seldom 
more  than  -ji^th  of  an  inch  acrass.  From  the  smaller  lateral  fissures 
the  eruptions  arc  generally  composed  of  trachytes;  but  it  is  extremely 
difficult  to  di*aw  a  line  between  the  true  trachyte  and  the  trachytic 
tuffs  formed  from  them,  and  which  occasionally  are  met  with  as 
solid  and  compact  as  the  original  traichytes  themselves,  and  only  to 
be  distinguished  from  the  latter  by  the  somewhat  decomposed  ap- 
l)eiu'anco  of  the  felspar,  the  bronze-brown  colour  of  the  originally 
black  mica  and  the  included  fragments  of  pumice,  &c.  * ;  they  are, 
however,  in  general  much  more  open  or  porous  in  texture,  and  often 
crumbly,  so  as  frc(piently  to  be  mistaken  for  white  sandstones.  They 
are  everywhere  largely  quarried  and  used  as  building- stone,  being 
durable  and  very  easily  worked ;  when  cut  into  hollow  cones  they 
are  used  as  filtering- stones  for  purifying  water  for  domestic  use,  for 
which  purpose  they  arc  well  adapted  from  their  porous  texture.  I 
have  reason  to  suppose  that  these  trachytes  have  frequently  been 

*  I  liad  cxpect^'d  tliat  tho  dccom position  of  the  felspar  would  probably  gire 
Tifie  to  the  formation  of  alkaline  or  (Mirthy  carbonates  in  these  trachytic  tuflls,  and 
so  afford  a  means  of  distinguishing  them  from  trachytes ;  in  this  I  was  disap- 
]K)iuted,  an  several  traeli^iic  lufi's  from  Tacna,  Azapa,  La  Puz,  &c.,  on  being 
treated  with  acids  did  not  effervesce  at  all. 
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<ieetcd  whilst  in  a  pasty  state,  after  the  quartz  had  crystallized* 
and  the  temperature  of  the  whole  had  become  much  lower  than  the 
fasing-point  of  the  entire  rock  itself. 

The  trachydolerites  differ  from  the  trachytes  only  in  having,  in 
addition  to  the  felspar,  qiuirtz,  and  mica  of  the  latter,  crystals  of  dark- 
|px*en  or  black  augite  scattered  through  the  mass,  in  which  also  the 
(joartz  does  not  appear  so  predominant ;  and  the  rock  is  frequently 
considerably  darker  in  colour.  They  form  eruptive  masses  mucl( 
pouter  than  the  pure  trachjrtes,  and  are  seen  largely  developed  on 
i!>e<  tion  No.  1  at  Batalla  and  Yunguyo. 

Doleritic  rocks  I  have  only  met  with   in  situ  on  the  eastern 

declivity  of  the  volcanic  range  of  mountains  between  Tarata  and  the 

l^i ver  Mauri  in  Section  No.  1 ;  and  in  Section  No.  2  they  are  seen  as 

abundant  lai*ge  blocks  scattered  over  the  slope  of  the  volcano   of 

^'W.picani.     From  their  very  compact  structure,  conchoidal  fracture, 

on^  dark  bluish-grey  or  greenish-grey  colour,  they  much  resemble 

"**«idtic  rocks ;  but  their  crystallization  is  so  close-grained  that  I 

^•*>iiJd  not  distinguish  whether  olivine  was  present ;  and,  in  fact,  their 

'*J^i*ioral  composition  is  not  recognizable  by  the  naked  eye,  so  that 

tti^ii.  exact  nature  is  open  to  inquiry :  tliey  do  not  appear  to  form 

"■^^  great  proportion  of  the  mass  of  volcanic  rocks  here  developed. 

The  greater  volcanic  rocks,  at  least  those  which  have  broken 

^^iDUgh  as  lava  and  remain  in  situ  as  a  compact  rock,  are  composed 

^^  a  crystalline  fekpathic  lava,  much  more  basic  in  chemical  character 

*  ^  an  the  others  (possibly  if  we  except  the  dolerites),  and  which  ap- 

jj^^^r  to  be  almost  exdu^dvely  composed  of  one  or  more  varieties  of 

^^^Ispar.    They  generally  possess  that  peculiar  parallel  structure  fre- 

^  \iently  met  with  in  all  volcanic  rocks,  whether  recent  or  more  ancient, 

^^d  apparently  due  to  a  cause  similar  to  that  of  the  striie  of  fusion 

'^^ible  in  glass.     This  striated  appearance  is  freciuently  rendered 

^^ore  apparent  from  the  different  laj-ers  being  of  different  shades  of 

^^solour,  reddish  or  whitish  grey,  or,  as  at  Pailumani,  where  these 

Crocks  are  very  largely  developed,  of  a  dark  grey  colour,  probably 

^rom  some  admixture  of  augite  in  a  non-crystalline  condition  and 

intimately  dif^ised  through  the  felspathic   mass  so  as  not  to  be 

visible  to  the  naked  eye.     These  rocks  sometimes  are  also  found  to 

contain  a  litUe  mica  or  augite,  in  plates  or  crystals,  but  appear  in 

general  to  bo  free  fix)m  quartz.     They  are  developed  on  a  large 

scale  between  Hachecacho  and  Tiquina,  Section  No.  1,  and  also  at 

Pailumani,  Section  No.  2,  where  they  appear  to  form  the  entire  mass 

of  the  eruptive  rock. 

In  neither  Section  No.  1  nor  No.  2  do  we  cut  across  any  volcano  at 
present  in  activity,  nor  meet  with  any  lava  or  scoria  likely  to  have 
been  produced  more  recently ;  at  but  very  short  distances,  however, 
both  to  the  north  and  south  of  these  lines  of  section,  volcanos  weit) 
obicrved  in  activity ;  and  during  my  residence  in  the  country,  the 
•*  Miati  "  or  Volcano  of  Ariquipa  was  in  eruption.  In  the  immediate 
vicinity  of  Tacora  various  Solfataras  might  be  seen  in  action ;  and 
their  action  on  the  Oolitic  and  Porphyry  series  was  visible  at  great 
distances,  on  account  of  the  brilliant  yellow,  red,  and  brown  colora- 
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tions  produced  by  the  action  of  the  volcanic  fumes  and  acid  vapoun 
on  these  rocks,  and  the  formation  of  various  salts  of  iron,  lime,  &c 
To  the  south  of  Tacora  I  noticed  an  evolution  of  smoke,  as  if  from  a 
similar  solfatara;  and  my  fellow-traveller,  M.  Friesach,  informed 
me  that,  when  he  passed  in  October  1859,  a  volcano  situated  a  Uttle 
to  the  right  of  Sajama,  and  apparently  one  of  the  throe  cones  named 
Las  Tctillas  on  the  now  map  of  Bolivia  by  Mujica  and  Ondarza,  was 
observed  by  him  in  enipti<jn,  vomiting  forth  immense  volumes  of 
smoke,  and  apparently  also  lava,  not  from  the  cone  itself,  but  from  a 
lateral  orifice  situated  at  the  base  of  the  cone.  The  volcano  of 
Tutapaca  is  also  situated  in  this  direction,  and  is  still  in  actinty ; 
and  near  this  place  M.  Modesto  Bazadre  informs  me  he  visited  a 
valley  containing  several  hundred  of  little  volcanic  conos  emitting 
boiling  water,  and  in  many  respects  resembling  the  Geysers  of 
Iceland ;  like  these  latter,  the  cones  around  the  orifice  of  ejection  are 
formed  by  the  deposit  from  the  water  itself. 

Although  we  find  the  volcanos  of  this  part  of  South  America  pre- 
senting themselves  as  lofty  cones,  rising  high  above  the  surrounding 
plateau,  we  do  not  observe  in  general  that  crater-form  of  summit  so 
usual  in  moim tains  of  this  class  in  other  parts  of  the  world :  we 
cci-tainly  find,  as  in  the  Misti  (or  Volcano  of  Ariquipa),  some  well- 
developed  small  craters  ;  but  these  seem  rather  to  have  served  as  so 
many  safety-valves  to  the  volcanic  boiler,  and  to  have  played  but  a 
very  subordinate  part  in  furnishing  the  great  amoimt  of  lava  and 
other  volcanic  matter  here  met  ^ith,  which  appears  in  greater  part, 
if  not  entiiely,  to  have  made  its  way  up  through  the  great  lateral 
fissures  or  openings  (similar  in  many  cases  to  dykes)  which  appear 
to  have  poured  forth  sheets  of  lava,  covering  vast  areas  of  the  sur- 
rounding coimtry.  Tliis  class  of  eruptions  appears  peculiarly  cha- 
racteristic of  the  Pacific  side  of  South  America,  where  they  soem  to 
attain  a  magnitude  unknown  in  any  other  part  of  the  world.  The 
southern  part  of  Boli^'ia  shows  such  lateral  eruptions,  covering  the 
ground  with  trachytic  lava  for  more  than  300  miles  continuously ;  and 
in  the  northern  pai't,  as  seen  in  Sections  Nos.  1  and  2,  the  same  occurs, 
— some  of  these  eruptions  appearing  to  proceed  from  such  lateral 
dykes  or  fissures,  at  the  lowest  estimate  not  less  than  fifty  miles  IQ 
length,  if  not  much  more. 

The  volcanic  rocks  here  described  are  strikingly  distinct  from  those 
which  I  met  with  during  my  examination  of  the  volcanic  islands  of 
the  Pacific  Ocean  and  Polynesia :  these  latter  are  generally  of  veiy 
dark  colours,  are  of  a  very  basic  chemical  nature,  and  characterized 
by  the  abundance  of  augite  and  olivine  and  the  absence  of  quartz ; 
whereas  here  in  Peru  and  Bolivia  the  rocks  are  invariably  of  lighter 
colour,  generally  even  white,  are  of  a  much  more  acid  or  siliceous 
chemical  nature,  contain  abundance  of  quartz,  and  only  in  some 
indtanccs  was  ohvine  at  all  met  with. 

Before  concluding  this  notice  of  the  volcanic  rocks,  I  may  direct 
attention  to  a  point  connected  with  the  crystallization  of  the  same, 
and  >vhich,  I  believe,  has  not  been  previously  noticed :  I  allude  to  the 
occurrence  in  the  trachj-tic  and   trachydolcritic  rocks  of  perfect 
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efrstals  of  quartz  distaibuted  in  abundance  throughout  the  solid  and 

compact  lock-mass.     In  many  instances,  as,  for  example  (  as  before 

mentioned),  in  the  northeni  part  of  the  Desert  of  Atacama,  the  greater 

part,  if  not  the  whole,  of  the  quartz  contained  in  the  trachytic  beds  is 

so  crystallized,  and  may  easily  be  detached  from  the  matrix  as  small 

six-sided  prisms, terminated  at  both  ends  by  pyramids,  and  beautifully 

smooth  and  lustrous.      This  could  not  have  occurred  unless  the 

crystals  had  been  formed  whilst  the  rock  was  in  a  perfectly  liquid 

state,  and  before  the  other  mineral  constituents  had   commenced 

solidifying. 

This  seems  to  point  out  one  great  distinction  between  volcanic  and 

plutonic  rocks.     In  the  former  case  the  quartz  has  been  the  first 

mineral    element  to   crystallize  from   the  liquid  lava,   as    might 

liaturally  be  expected  from  the  much  higher  temperature  requisite 

for  its  fusion.     In  the  plutonic  rocks  (granite),  however,  the  reverse 

is  the  case  ;  the  quartz  has  been  the  last  element  to  assume  the  solid 

state  and  crystallize,  and  is  not  found  in  true  crystals,  except  where 

the  occurrence  of  drusic  cavities  or  cracks  in  the  solidifying  rock 

^^•ve  accidentally  occurred — and  even  then  we  only  find  the  one  end 

®^  the  crystal  terminated  by  planes, — whilst  at  the  same  time  the 

^^5<ily  fusible  felspar  has  invariably  crystallized  before  it.     It  is 

^'^dent  that  in  these  rocks  the  quartz  has  remained  fluid  or  viscid  at 

*     temperature  much  below  its  point  of  fusion,  as  it  occupies  the 

faeces  or  intervals  of  the  network  formed  by  the  crystallization  of 

5*^^  other  constituent  minerals  of  the  rock,  which  are  infinitely  more 

^^^ible  than  the  quartz  itself. 

5.  Dioritie  Boehs. — In  geological  age,  the  next  rocks  which  we 
^^me  to  are  the  diorites,  seen  in  Sections  Nos.  1  &  2,  and  wliich  may 
'^^  termed  Post-oolitic,  from  their  cutting  through  the  strata  here 
^^presenting  the  Upper  Oolitic  series. 

They  are  composed  exclusively  of  a  white  felspar,  together  with  a 
^^ore  or  less  dark-green  hornblende;  the  rock  itself  is  generally 
^^oarsely  crystallized,  but  occasionally  becomes  so  fine-grained  in 
''^xture  as  to  admit  of  its  being  termed  a  greenstone. 

This  rock  is  the  same  as  that  which  occurs  in  Chile,  and  which  has 
\)een  described  by  Darwin  in  his  *  Report  on  the  Geology  of  South 
America,'  under  the  name  of  **  Andesite."  I  have  preferred  the  name 
**  Diorite"  imtil  chemical  examination  may  prove  it  to  be  distinct ; 
as  in  external  appearances  it  cannot  be  distinguished  from  the  ordi- 
nary diorites  of  Europe  and  other  parts  of  the  world. 

Quartz  is  never  found  in  this  rock  when  normal ;  but  at  one  or 
two  places,  as,  for  example,  Cerro  de  las  Esmeraldas  and  Comanche, 
where  this  rock  breaks  through  the  red  sandstone  beds,  the  d'orite 
near  to  the  point  of  contact  occasionally  contains  some  little  quarts 
grains,  which  it  evidently  has  absorbed  from  the  rock  through  which 
it  has  broken ;  in  such  cases  a  specimen  might  be  obtained  which  is 
mineralogically,  but  not  geologically,  a  syenite. 

The  felspathic  constituent  is  generally  of  a  pure  white  colour, 
and  triclinic  in  crystallization;  but,  as  anorthite,  albite,  andesine, 
labmdorite,  and  oligoclase  also  pertain  to  the  triclinic  felspars,  it 


30  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.  [XoV.  21, 

will  requii'c  a  chemical  examination  to  determine  its  nature  satis- 
factorily. 

These  dioritic  rocks  show  themselves  as  a  series  of  more  or  lesa 
detached  or  isolated  patches  of  rock,  protruding  themselves  through 
strata  of  various  ages  older  than  the  Cretaceous  jx^riod,  which  last- 
mentioned  system  appears  to  be  of  still  later  geological  age. 

Dn  the  Pacific,  or  westcra  side  of  tlie  high  Andes,  from  Peru  to 
Puerto  Montt  in  Southern  Chile,  a  distance  of  some  forty  degrees  of 
latitude,  we  find  at  intervals  such  diorites  breaking  through  the 
other  i-ocks ;  and  lines  drawn  through  the  points  at  which  they 
make  their  appearance  show  that  there  are  two  parallel  systems  of 
eruption  running  not  far  from  north  and  south,  and  probably  at  a 
distance  of  about  100  miles  fi^jm  one  another. 

In  the  part  of  South  America  forming  the  subject  of  the  present 
memoir,  the  most  western  of  these  lines  commences  from  a  little  to 
the  east  of  Pa])oso,  in  the  Desert  of  Atacama,  passes  through  the 
metalliferous  district  of  El  Cobre,  nins  along  the  cliffs  at  Cobija,  and 
touches  the  coast  at  Gatica  a  few  leagues  to  the  north  of  Cobija; 
then  passing  through  Tocopilla,  Algodon  Bay,  and  theAnsueloliocks 
near  Iquique,  again  enters  the  mainland,  and,  after  showive  itself  at 
several  points  before  coming  to  Arica,  is  seen  in  Section  No.  2  at 
Chuntacollo  and  Guanuni,  and  still  further  north  in  Section  No.  1, 
between  Tarocache  and  Tarata ;  and,  from  what  I  can  learn,  it  showa 
itself  still  further  north  in  Peru,  and  appears  to  nm  right  through 
South  America. 

The  eastern  line  of  emption,  after  breaking  through  the  lias- 
rocks  between  La  Encantada  and  Sandon  in  the  Desert  of  Atacama, 
shows  itself  at  several  points  before  coming  to  Tilopozo,  from  which 
place  I  have  specimens  brought  me  by  Dr.  Philippi ;  entering  the 
central  part  of  Bolivia,  unexplored  as  yet  by  any  geologist,  it  shows 
itself  at  the  Cerro  de  las  Esmeraldas  south  of  Corocoro,  and  the 
Hill  of  Comanche  to  the  north  of  that  place ;  and,  from  a  specimen 
sent  me,  it  must  appear  in  the  neighbourhood  of  Tio  Guanaco,  at 
the  southern  extremity  of  the  Lake  of  Titicaca,  beyond  which  1  have 
at  present  no  data  for  following.it  further  north. 

The  enii)tion  of  these  diorites  appears  to  have  been  generally 
accompanied  by  the  evolution  of  much  acid  vapours,  probably  sul- 
phurous, to  jiulge  from  the  effects  produced  on  the  rocks  in  imme- 
diate conttict  with  the  diorites;  as,  wherever  they  break  through 
sctlimontiUT  strata,  these  latter  are  much  changed  in  appearance 
and  chemical  composition. 

Thus  we  find  the  Lias-shales  and  porphyritic  clay  and  mudstones 
converted  into  a  pure  white  matter  resembling  china-clay,  by  the 
abstraction  of  the  lime  pre™usly  contained  in  them ;  and  when 
this  cliange  has  proceeded  a  step  further,  and,  besides,  the  lime  has 
also  removed  much  of  the  alumina  present,  we  find  these  rocks  con- 
verted into  siliceous  or  homstone-like  compounds,  which  have  by 
several  obser\'ers  been  regarded  as  rocks  entirely  distinct  from  those 
from  which  they  have  originally  been  derived:  thus  the  quartz- 
poii^liyries  of  M.  Domeyko  and  M.  Pissis  are  of  this  latter  character ; 
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and  the  Tofos  mapped  on  M.  Domeyko's  geological  map  of  Chile  in 
the  ^Annales  dee  Mines'*  peitoin  to  the  former.  Both  of  these 
classes  can  he  seen  at  many  points  in  the  district  here  treated  of,  and 
will  be  subsequently  noticed. 

This  rock  is  occasionally  itself  metalliferous,  as  at  El  Cobre  in  the 
Desert  of  Atacama,  where  the  diorite  is  very  strongly  impregnated 
with  sulphurets  of  iron  and  copper.  We  always  find,  however,  that 
the  fissures  or  faults  formed  in  the  neighbouring  strata  by  the  pro- 
trusion of  the  diorite  are  converted  into  metallic  veins  by  the  injoc- 
tion  of  metallic  compounds  of  sulphur  and  arsenic  ;  and  a  very  careful 
examination  has  shown  that  the  metallic  veins  of  the  Oolitic  and 
Porphyry  scries  of  Chile,  Peru,  and  Boli^-ia,  which  constitute  the 
great  source  of  mineral  wealth  of  these  countries,  are  all  due  to  tho 
appearance  of  this  rock.  The  silver-mines  of  Huontajaya  and  the 
copper-mines  of  Paposo,  El  Cobre,  Cobija,  Gatica,  Tocopilla,  La 
Portada,  and  the  veins  of  iron-  and  auriferous  pyrites  frequently  met 
with,  are  all  of  this  origin. 

In  these  mineral  veins  I  have  found  the  following  metallic  com- 
)  to  occur: — 


Native  Gold.  Silver-glance. 

„      Silver.  Galena. 

„     Antimony.  Zinc-blende. 

„      Bismuth.  Copper-glance. 

„      Arsenic.  Copper-pyntca. 

„      Copper.  Erubeecite. 

Arquerite.  Cuproplumbite. 

Amalgam.  Stromeyeritc. 

Bismuthic  Silver.  Iron-pyrites. 

Magnetite.  Marcasitc. 

Specular  Oxide  of  Iron.  Covellino. 

Dom^kite.  Molybdenite. 

Darwinita.  Mispickt*!. 

Algodonite.  Danaite. 

IHacnisite.  Glaucoclot. 

Copper-nickel.  Pjnrargvrite. 

Cobaltine.  Proust  ito. 

Kealgar.  Enargite. 

Stibnite.  Tennantite. 
Sulphuret  of  Bismuth. 

^^  further,  from  the  oxidation  of  the  above  minerals,  tho  action  of 
^  carbonic  acid  in  the  atmosphere,  and  the  elements  in  the  salts 

?*^^^dned  in  the  sea  (under  which  this  country  has  been  submerged 

.  ^  the  appearance  of  these  veins),,  we  eSao  find  the  following 

'^^^^^rols  subsequently  produced : — 

Malachite.  Condurrite. 

Azure  Copper.  Silicate  of  Copper. 

Atacamite.  ..      of  Copper  and  Manganese. 

Sulphate  of  Copper.  Oxide  of  Copper. 

„        of  Iron.  Chloride  of  Suver. 

Iron-alum.  Chlorobromide  of  Silver. 

Manganeae-alum.  Bromide  of  Silver. 

Botryogen.  Iodide  of  Silver. 

♦  Quatrieme  aerie,  vol.  ix.  184C. 
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A  little  to  the  north  of  Cobija,  where,  from  the  configaration  of 
the  coast,  the  line  of  dioritic  eruptions  previously  described  ruiu 
into  the  sea,  wc  find  these  forming  small  pointed  or  rugged  rocks 
jutting  up  from  the  sea,  as  has  been  noticed  and  figured  by  Voi 
Bibra*  and  D'Orbignyt. 

M.  d'Orbigny  even  supposes  these  form  part  of  the  rock  **  la  plui 
ancienne  de  Tensemble,"  and  as  pre-existent  to  the  upheaval  of  th< 
Cordilleras.  A  careful  examination,  however,  proved  to  me  that  the] 
are  only,  as  before  stated,  a  part  of  the  general  line  of  diorites,  an( 
consequently  younger  than  the  Oolitic  series  which  at  these  ven 
places  they  penetrate  into  and  alter  as  before  described. 

The  diorites  on  Section  No.  2,  at  Chuntacollo  and  Guanoni,  an 
classed  and  coloured  by  M.  d*Orbigny  as  granite,  thus  confoimdin^ 
under  one  head  rocks  which,  beyond  their  common  igneous  origin 
are  neither  in  external  appearance,  mineral  character,  chemical  com- 
position, nor  geological  age  in  any  way  allied.  As  &r  as  my  re- 
searches have  gone,  I  have  not  met  with  any  granite  in  Soutl 
America  which  can  be  proved  to  be  of  later  geological  age  than  th< 
Devonian  period. 

6.  Upper  Oolitic  Series  with  interstratijkd  Porphyritic  Mocks.— 
The  sedimentary  beds  which  here  represent  the  Upper  Oolitic  systen 
are  so  intcrstratified  with  beds  of  eruptive  porphyries,  porphyritic 
tulFs,  and  porphyry-conglomerates  evidently  contemporaneous,  diat  ii 
is  quite  impossible  to  draw  any  b'ne  of  demarcation  between  the« 
rocks ;  and  therefore  I  have  followed  the  arrangement  of  Darwin  ii 
C'hile,  in  placing  all  the  analogous  rocks  of  Peru  and  Bolivia  undei 
one  head.  Besides  the  above-mentioned  porphyr}'-tufffl,  conglome- 
rates, and  intcrstratified  poi-phyries,  we  meet  with  claystones,  mud- 
stones,  argillaceous  shales  and  limestones,  and  other  beds,  many  o" 
whicli  bear  a  striking  resemblance  to  the  rocks  of  similar  age  ii 
Europe.  In  the  south  of  the  district  hero  ti*eatod  of,  we  find  them 
rocks  abimdantly  fossiliferous ;  and  the  fossil  shells  from  the  beds  o 
the  Desert  of  Atacama  have  peldcd  to  the  researches  of  MM.  Bayh 
and  Coquand  J,  and  Dr.  Philippi,  about  thirty-three  species  of  recog- 
nized Oolitic  forms.  My  collection  from  the  same  regions  contnini 
a  number  not  yet  examined,  and  probably  will  yield  further  species 
In  the  part  further  north  the  country  has  been  almost  entirely  unex- 
l^lored,  and  the  fossils  obtained  by  me  as  yet  have  only  been  Litko- 
trocJuui  Atiflii,  Ammonites  Donietjlcii,  A.  pustilifer,  Oolitic  Pdsidonirr 
a  Griiph(^a,  and  the  cast  of  a  Trigonia,  as  well  as  some  vegetable  rc- 
maiiis§. 

Tlicso  beds  are  continuous  from  Chile  right  through  the  Desert  ol 
Atacama ;  and,  in  combination  with  the  fossil  evidence,  there  can  U 

*  "  Die  Algodon  Bav  in  BoUvien,"  Dciikpchriften  dcr  k.  Akad.  dcr  Wiwcn- 
Bcbaft.  Wien.  Math.->'a't.  CI.  vol.  iv.  iai2. 

t  Voyage  dans  T  Anieriquo  M^ridionale :  Geologic,  p.  07. 

♦  Mtm.  Soc.  Geol.  Franw,  deux.  »er.  vol.  iv.  part.  1*,  1851. 

§  I  have  not  here  considered  it  necessary  to  go  into  details  as  to  the  fowila, 
both  as  my  ovm  collection  from  the  Desert  of  Atacama  has  not  yet  arrived 
and  because  most  of  those  more  properly  belong  to  Chile,  and  will  be  considerKi 
in  my  next  communication  when  treating  of  tliat  country*. 
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no  donbt  as  to  the  extensive  development  of  this  formation,  which, 
throoghoiit  its  whole  extent,  is  strikingly  uniform  in  all  other 
characters. 

The  thickness  of  these  beds  is  very  considerable ;  but  it  would  be 
too  hazardous  to  venture  any  estimate  of  its  magnitude  without 
more  decided  data  than  are  at  present  at  my  disposal.  The  area 
occupied  by  these  rocks,  as  seen  in  the  accompanying  Map,  is  likewise 
very  great ;  and  we  find  that  nearly  the  whole  of  the  coast-line  is 
formed  exclusively  of  the  above-mentioned  rocks,  which  here  form 
the  "  Cordilleras  de  la  Costa,"  whilst  in  Chile  they  constitute  the 
back  range,  or  "  Cordillera  do  los  Andes,"  a  nomenclature  which  has 
CMsed  some  confusion,  and  has  been  the  main  cause  of  the  inaccuracy 
with  which  the  mountain-chains  of  this  part  of  South  America  has 
been  delineated  by  geographers. 

If  we  except  the  small  strip  of  land  at  MexiUones  and  the  in- 
cluded dioritic  eruptions,  we  find  that  the  whole  coast-line  of  Bolivia, 
Md  as  far  north  as  Arica  in  Peru,  is  formed  of  these  rocks.     At 
^hija,  in  Section  No.  3,  the  Upper  Oolitic  beds  and  porphyries 
*^c  about  N.  20°  W.  (magnetic),  and  dip  at  an  angle  of  30°  east- 
^»rd,  from  having  been  tilted  up  by  the  dioritic  eruption  seen  in 
"*e  section,  which  has  rendered  metalliferous,  and  also  considerably 
**fered  the  nature  of,  the  rocks  themselves  near  to  the  point  of  con- 
^.    I  noticed  a  vein  here  containing  grey  and  yellow  copper- 
PyHtes,  with  a  little  atacamite,  carbonate  of  copper,  &c.,  showing 
'^If  on  surface,  bearing  N.  60°  E.,  with  a  dip  of  12°  S.E.,  and  cutting 
^*Ut)ugh  both  the  dioritic  and  porphyritic  rocks  and  shales ;  the  latter 
^^fe  bleached,  and  at  several  points  converted  into  **  Tofo,"  or  a 
*J*^e8  of  clay  sometimes  of  a  pure  white  colour.     These  clays,  as 
^^^viously  noticed,  have  evidently  been  produced  by  the  action  of 
^^''id  gases  accompanying  the  dioritic  eruptions  on  the  fekpathic  base 
?*   the  porphyry-tuffs,  &c.,  and  which,  by  removing  the  lime  and 
^*<in  contained  in  the  same,  leave  behind  a  more  or  less  pure  silicate 
^  ^  alumina,  in  the  form  of  a  white  day,  or  *'  Tofo,"  as  such  are  here 
T^Tmed ;  at  the  same  time  the  volatilization  of  compounds  of  iron  has 
^>loured  the  surrounding  rocks  with  various  shades  of  yellow,  red, 
^>id  brown. 

High  up  the  sides  of  the  mountains  in  this  section,  a  copper-mine, 

^^^^ed  the  Manto  de  Ossa,  is  being  worked  on  a  considerable  scale ; 

^nd  in  this  mine  the  ore  does  not  occur  as  a  vein  or  lode,  but  as  a 

^?^^;alar  bed,  in  amongst  the  other  strata.    The  cupriferous  stratum 

itself  has  evidently  been  originally  a  bed  of  porphyry-conglomerate, 

^r  breccia,  in  which  the  interstices  between  the  pebbles,  or,  rather, 

t&agments  composing  the  bed,  have  been  filled  up  with  metallic  sul- 

phorets,  most  probably  infiltrated  or  injected  from  some  neighbouring 

vein. 

Further  north,  at  Oatica  and  Tocopilla,  numerous  veins  of  copper 
are  worked  in  these  rocks ;  and  at  the  former  place  they  appeared  to 
have  a  general  run  of  about  north-east.  The  Mina  del  Toldo,  which 
I  examined,  showed  for  many  miles  a  constant  strike  of  N.  80°  E., 
dipping  aboat  85^  to  the  west.    The  metallic  compounds  in  these 
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niincs  wore  niitivc  n>})prr,  alacamito,  mahu/hito,  silicate  of  copiur. 
black  and  red  oxides  of  copper,  purple  and  yellow  pyrites,  covelline, 
sulphate  of  copper,  &c.  These  minerals  frequently  contained  native 
gold  in  specks  disseminated  through  them^  but  were  stated  to  be 
unusually  poor  in  silver. 

The  metallic  veins  which  occur  near  La  Portada,  in  Section  No.  2« 
and  above  Tarata,  Section  No.  2,  present  features  in  every  wa^ 
similar  to  the  above  described. 

In  Section  No.  2  is  seen  probably  the  best  illustration  of  the? 
arrangement  and  extent  of  the  strata  composing  this  formatioiL. 
From  this  it  will  be  seen  that,  after  passing  over  a  series  of  very 
highly  inclined  and  thin-bedded  Liassic  shales  dipping  to  the  west- 
ward, we  meet  with  the  dioritic  rocks  of  Chuntacollo  and  Guanonj. 
breaking  tlirough  them  and  altering  them  at  the  point  of  contacts. 
Above  these  the  same  shales,  bearing  north  and  south  with  a  dip  of 
30°  to  westward,  are  again  met  witih,  and  continue,  with  occosionaLl. 
interstratification  of  porphyries,  claystones,  and  porphyry-congjio — 
merates,  through  Palea,  I-k)S  Troncos,  El  Ingenio,  Quebrada  de  L» 
Angostura,  up  to  Questa  I31anca,  where  they  have  a  north  or  soutl:* 
strike,  and  dip  50°  to  westward ;  here  they  have  some  beds  of  whifc^ 
trachytic  tuff  sui)erposed  upcm  them,  as  pre^'iously  mentioned;  an^ 
near  this  place  wo  find  an  anticlinal,  causing  them  now  to  dip  to  tlx^ 
eastward,  which  dip  they  retain  up  to  the  summit  of  the  nearly 
15,000-feot  high  Pass  of  Huaylilloa.     Shortly  after  passing  Quesfc^ 
Blanca  these  rocks  arc  very  much  altered,  become  flinty  and  siliooouf* 
and  continue  so  for  a  considerable  distance,  bearing  N.N.W.,  with   ** 
dip  of  50°  east :  in  these  rocks  several  old  workings  are  seen  on  soira.^' 
strings  of  copper.    The  strike  of  the  beds  was  at  these  mines  fouii-*^ 
to  be  still  N.N.W.,  with  a  dip  of  20°  eastward.     The  change  L^^ 
mineral  nature  here  noticed  is  evidently  due,  as  explained  in  a  fonnc?  ^ 
section  of  this  memoir,  to  the  vicinity  of  dioritic  rocks,  and  eons^  ■ — 
quent  metamorphic  action  produced  by  the  intrusion,  which  also  h^^-^^ 
develoi>od  the  copper-veins  before  mentioned,  and  those  near  L*^* 
Portada.     The  diorite  is,  as  seen  in  the  section,  visible  at  one  sp«>'^^ 
and  probably  is  much  more  extensive  than  would  appear  from  tb»-^^ 
small  eruption  crossed  in  the  line  of  section.     From  La  Portada  to'^^ 
the  summit  of  Huaylillos  the  rocks  are  nearly  all  porphyritio  eoiv-  "* 
glomerates,  frequently  much  altered  and  siliceous ;  and  on  the  dop^^ 
to  the  Rio  de  Azufro  several  beds  of  true  interstratified  porphyiii^^* 
arc  seen  before  coming  to  the  great  volcanic  ridge  of  Ghipicani. 

Crossing  these  volcanic  rocks,  we  next  meet  the  strata  pertainiiv.  £ 
to  this  formation  at  the  River  Cano,  where  they  present  ^ematStr^^^ 
as  beds  of  purple  porphyry-conglomerate,  dipping  to  the  westwar^^ 
and  broken  through  by  the  lateral  fissures  or  dykes  of  tnchy'^^ 
seen  in  the  section  lK)th  here  and  ftirther  eastward,  at  the  Eio  Mau^:^ 
at  which  place  they  cover  iinconformably  the  porphyry-oooglom^^ 
rates,  as  seen  on  both  sides  of  the  steep  ravine  throng  which  tl^-S* 
river  passes.     The  beds  here  were  thick  porphyiy-oonglomeFates  oF  a 
purple  colour  and  composed  of  smaller  pebUcs  of  porphyry  ovetx^ 
l}-ing  ImmIs  of  porphyry  and  porphjTy -tuffs,  which  in  turn  are  sac- 
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ceeded  by  a  second  series  of  thick  porphyry-conglomerates  of  the 
same  character  as  the  former  ones.  In  the  beds  of  porphyry-tuff 
I  noticed  fissures  filled  with  a  crystalline  zeolitic  mineral,  probably 
Btilbite*. 

These  porphyry-conglomerate  beds  continue  up  to  the  valley  of 
Paflumani,  where  they  are  cut  through  by  the  great  volcanic  mass  of 
felspathic  lava  seen  in  the  section  ;  and  no  trace  was  then  found  of 
them  before  coining  to  the  eastern  slope  of  the  Pass  of  Chulluncayani, 
where  we  again  meet  with  a  series  of  porphyries  which  appear  to 
belong  to  this  series,  and  on  the  top  of  which  I  found  several 
patches  of  altered  red  sandstone  near  Condorana,  which  evidently 
belonged  to  the  Permian  or  Triassic  series  further  to  the  east,  and 
appear  to  have  been  carried  up  by  the  eruption  of  these  porphjrries. 
In  Section  No.  1  another  transverse  view  of  the  stratification  of 
this  series  is  obtained,  which,  however,  Ls  not  so  extensive  as  the  one 
jnst  described,  owing  to  the  protrusion  of  the  great  mass  of  volcanic 
matter  to  the  eastward.     The  rocks  met  ^vith  in  this  section  are 
precisely  similar  in  mineral  character  to  those  met  with  and  de- 
scribed in  the  former  Section  (No.  2),  being  composed  of  argillaceous 
shales,  porphyry-tuffs,   conglomerates,  claystones,  mudstones,  and 
^terstratified  porphyries,  cut  through  by  dioritic  and  volcanic  rocks, 
*fid  at  the  western  extremity  of  the  section  dislocated  by  a  series  of 
^ults,  which  are  easily  observed  on  the  nearly  perpendicular  sides  of 
^e  great  ravine  which  forms  a  passage  through  this  chain  from 
"^iilla  to  the  plains  of  Sama.   They  are  seen  to  great  advantage,  and 
J^^re  easily  sketched  and  followed  out,  from  the  occurrence  of  several 
^^ds  or  beds  of  different  colours  and  consistency,  amongst  which 
^^Veral  thick  beds  of  coarse  porphyry- conglomerate  were  very  cha- 
V^cteristic.'  This  section  itself  will,  it  is  believed,  not  require  further 
,J^«cription,  as  the  general  relations  of  the  strata  are  not  very  com- 
plicated. 

^  At  the  Morro  de  Arica,  a  hiU  situated  to  the  immediate  south  of 
*^e  town  of  Arica,  and  rising  perpendicularly  from  the  sea  to  a 
■^-^ight  of  about  500  feet  above  the  water's  level,  we  also  find  a  series 
-^^f  porphyries  interstratified  with  sedimentary  beds,  but  the  age  of 
Which  has  not  been  as  yet  satisfactorily  determined. 

These  beds  are  coloured  by  M.  D'Orbigny  as  Carboniferous,  from 
k^    having  foimd  togments   of  Prodtwtus  in   limestone   boulders 
Enclosed  in  the  porphyry  of  this  hill.     I  have  not  considered  it  ad- 
visable at  present,  before  more  data  are  obtained,  to  separate  them 
^&>m  the  other  strata  with  which  they  appear  continuous,  and  which 
liave  yielded  Liassic  remains ;  but  I  admit  that  it  requires  more  carefiil 
examination.    A  sketch-section  of  this  hiU,  taken  by  me  on  my  first 
visit  to  Arica  in  1857,  shows  the  following  features. 

Commencing  from  below  upwards,  we  find  at  the  base  a  series  of 
much-burnt  and  altered  shales,  thin-bedded,  and  of  a  brown  colour, 
but  too  much  altered  to  admit  of  any  recognition.     Above  this  is  a 

*  On  ezamiiiation,  its  specific  gravity  was  found  to  be  2*14,  the  peroenta^  of 
inter  oontained  in  it  17*62,  and  its  hardness  3*25  ;  before  the  blowpipe  it  intu- 
mesoeB,  becomes  milk-white,  and  ultimatel}-  fuses  into  a  white  enamel. 

d2 
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mass  oi"  <(>iii('  liinidrrd  i\-v\  ol'  inlnidcd  aiij;ilic  j)oq)]iyry,  vorv  clia- 
racteiistic,  and  different  from  all  the  other  porphjrrios  met  mth  in 
thcBC  parts,  from  its  containing  black  augitic  cr3r8tal8  along  with 
crystals  of  whito  felspar,  in  a  brown,  black,  or  grey  felspathic  base. 
Above  these  are  seen  shales  similar  to  those  at  the  baae^  of  a  led 
colour,  and  as  if  calcined*;  these  are  succeeded  by  a  black  porpbyiy* 
on  which  rest  altered  shales,  in  the  midst  of  which  a  thin  bed  of 
grey  limestone  is  seen,  with  very  indistinct  traces  of  oiigonic  remains  ; 
above  tliis  a  red  porphyry,  -with  white  felspar-crystals  and  black 
specks  of  augite,  succeeded  by  a  second  series  of  shales,  with  an 
intercalated  bed  of  limestone  similar  to  the  first ;  above  these  shales 
a  second  red  porphyr}',  then  a  third  bed  of  shales,  and,  lastly,  great 
beds  of  red  porphyry  and  some  pebbly  porphyry-conglomerates* 
which  contain  agates  and  nodules  of  calc-spor,  the  latter  frequently 
covered  by  a  coating  of  a  green  mineral.     I  do  not  at  present  ven- 
ture to  pronounce  any  definite  opinion  on  the  true  position  and  a^e 
of  these  beds,  but  only  think  that  the  evidence  of  their  being  Carbo- 
niferous is  not  sufficiently  strong  to  be  conclusive,  especially  wheO 
it  is  considered  that  we  have  no  strata  of  that  age  anywhere  deve- 
loped along  the  coast  of  the  Pacific. 

Before  concluding  these  remarks  on  the  porphyries,  I  may  altf^ 
notice  the  occurrence  of  eruptive  porphyries  and  some  stratified  po*^-^ 
phyry-tufEs  in  the  midst  of  the  Silurian  formation  farther  inland- 
These  are  seen  to  the  north  breaking  through  the  ridge  wbici**- 
separates  the  valley  of  lUabaya  from  that  of  Sorata,  a  ridge  whidi  i^ 
in  itself  so  sharp  and  steep  as  to  make  it  appear  very  surprising  ^^ 
find  it  broken  through  by  erupted  porphyry,  which  has  left  the  tvif 
of  the  ridge  as  a  peak  of  somewhat  hardened  clay-slate :  the  porphyr^^ 
is  of  a  red  colour,  with  white  crystals  of  felspar. 

Similar  eruptions  of  porphyry  occur  near  Oruro,  breaking  throug^^ 
the  Silurian  rocks.  The  latter  are  eminently  stanniferous,  fr^m  wb^m^^^ 
circumstance,  at  the  point  of  contact  of  the  porphyry  with  the  Siluriai^^' 
slates  at  one  locality,  the  tin-ore  or  oxide  of  tin  was  found  fdsed  (IC  -'^ 
Kroeber  infonns  me)  by  the  heat  of  the  porphyry  to  a  true  white-ti^:^*' 
enamel,  such  as  is  commonly  made  artificially. 

In  the  Corro  de  Potosi,  celebrated  for  the  richness  of  its  silver-—^ 
mines,  and  situated  still  further  to  the  south,  such  porphyries 
again  found  developed ;  and  further  south  of  this  probably  they 
into  the  porphyries  of  the  Desert  of  Atacama,  which  are,  as  befor^^ 
mentioned,  contemporaneous  with  the  Upper  Oolitic  beds  (these  emi-^ 
nently  fossiliferous). 

Drawing  a  lino  through  these  three  points,  which  are  eoloored  oob- 
the  accompanying  Map  (PI.  I.),  we  find  they  are  in  one  and  th^ 
same  direction,  and  have  a  general  bearing  of  nearly  north-west  anA- 
south-east. 

7.  Permian  or  Triassic  Formation. — ^The  rocks  now  about  to  b9 
treated  of  and  considered  as  representing  in  Bolivia  either  the  Per- 
mian or  Triassic  formation  of  Europe,  are  seen  cut  through  in  their 

*  On  the  top  of  these  is  a  bed  of  saline  and  recent  acwnmnlatiop,  often  mT 
calcareous,  and  about  from  1  to  2  fiset  in  thickness. 
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entire  thickness  in  Sections  Nos.  1  and  2,  in  which,  although  at  first 
si^t  they  seem  of  much  greater  magnitude,  they  do  not  in  reality 
appear  anjrwhere  to  attain  a  maximum  thickness  of  more  than 
6000  feet,  and  generally  are  found  to  he  much  under  this  estimate. 
This  is  due  to  the  great  numher  of  folds  doubling  up  the  beds, 
and  also,  as  seen  in  Section  No.  2  (from  Santiago  to  Nasacara),  to 
a  series  of  feiults  which  repeatedly  bring  up  the  same  beds  to  the 
surface. 

D'Orbigny  has  in  his  section  across  the  same  line  of  country 

coloured  the  greater  part  of  these  beds  as  of  Devonian  age :  at  Coro- 

coro  he  makes  a  part  of  them  Carboniferous,  and  at  the  Disaguadero 

(Nasacara)  puts  in  a  little  strip  of  Triassic.     As  he  dtes  no  fossil 

evidence  for  these  divisions,  and  in  fact  admits  that  he  has  no  fossils 

whatever  from  any  part  of  this  section,  this  cutting  up  into  forma- 

^ns  beds  conformable  to  one  another,  and  strikingly  analogous  in 

ouneral  composition,  seems  unexplainablc  except  by  imagining  that 

^^,  as  generally  throughout  his  *  Greology  of  Bolivia,'  he  proceeds 

^tb  the  supposition  that  no  link  in  the  chain  of  geological  forma- 

^ong  should  be  deficient. 

The  strata  so  classed  under  these  different  denominations  can  in 
J^^Uae  instanced  be  shown  to  be  part  of  one  and  the  same  series  of 
'^^ds,  and,  taken  as  a  whole,  possess  all  main  features  in  common. 

I  have  therefore  not  considered  myself  justified  in  retaining  these 
^•ibdivisions,  until  at  least  more  evidence  is  produced,  and  for  the 
^^sent  have  grouped  the  whole  of  these  beds  as  one  series,  under 
r^^  name  of  Permian  or  Triassic.  The  balance  of  evidence  appears 
^  hvoui  of  the  Permian  epoch,  although  at  the  same  time  I  admit 
^^Mit  the  absence  of  satisfactory  fossil-evidence  still  leaves  the  ques- 
"^c^n  an  open  one  for  inquiry. 

These  beds  are  penetrated,  upheaved,  and  altered  by  the  linear 
rj^uption  of  dioritic  rocks  which  runs  through  the  whole  extent  of 
^^ru,  Bolivia,  and  Chile,  and  which  are  contemporaneous  with  the 
^— Tetaceous  period.     The  section  from  Pisaca  to  Comanche  shows 
J^  example  of  this.     That  they  are  more  ancient  than  the  Upper 
*^^litic  series,  is  shown  by  their  having  been  broken  up  and  ele- 
^^ated    by  the  porphyries  which    are   found  imbedded    or  inter- 
^tratified  in  this  system,  and  are  inseparably  connected  with  the 
^ame  in  geological  age.     At  Condorana  (Section  No.  2)  this  wiU  be 
^een  to  be  the  case.     Still  further  north,  between  Condorana  and 
^!Pisacoma,  these  beds  appear  to  dip  beneath  the  whole  Oolitic  series ; 
\>ut  the  nature  of  the  ground  was  not  favourable  to  a  perfectly  con- 
clusive examination. 

Fossil  plants  are  everywhere  found  in  this  formation ;  but  gene- 
rally they  are  very  indistinct.  In  some  places,  as  at  Pontezuelo,  largo 
trunks  of  trees  silicified  are  found  in  abundance ;  and  several  speci- 
mens of  carbonized  wood  which  I  procured  from  the  sandstones  of 
Corocoro  are  as  yet  not  examined  *. 

•  Since  the  above  was  written,  sections  liave  been  made  of  two  of  these  woods, 
•nd  prowe  them  to  be  Coniferous ;  but  the  structure  is  too  indistinct  to  allow  of 
further  reoognition. 
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I  was  informed  that  a  complete  Saurian  head  had  been  extracted 
from  the  same  beds  by  M.  llamon  Due,  but  was  not  successful  in 
obtaining  it,  nor  some  fossil  bones  and  teeth  now  in  the  museum  d 
Avignon,  in  France,  sent  there  by  M.  Granier,  of  La  Paz. 

These  beds  are  superposed  quite  unconformably  on  the  Devonian 
strata  at  Coniii  (Section  No.  2),  where  the  red  conglomerates,  con- 
sidered as  the  lowest  beds  of  the  series,  abut  against  the  nearly 
vertical  Devonian  shales. 

The  mineralogical  characters  of  this  system  so  strikingly  remind 
one  of  the  descriptions  of  the  Permian  rocks  of  Bussia  by  Murchison, 
Kcyserliug,  and  De  Yemeuil,  that  when  reading  it  subsequently 
to  my  arrival  in  England,  it  seemed  as  if  treating  of  these  very 
strata. 

They  consist  of  red,  greenish,  and  variegated  marls,  saliferous  anfl 
gypseous  marls,  gypsum  beds,  along  with  fine  red  sandstones,  thin 
grey  pebbly  conglomerates,  and  red  conglomerates.  The  marls  are  par- 
ticularly well  developed  from  Santiago  to  Nasacara  (Section  No.  2) : 
at  Laguna  dil  Toro  (Section  No.  2)  and  at  Corocoro  (fig.  2,  p.  41), 
we  have  brownish-red  sandstones,  with  indistinct  vegetable  impres- 
sions, capped  by  thin  gypsum  beds  and  variegated  marls.  The 
gj'psum  beds  an;  frecpicntly  of  great  thickness  and  extent :  in  some 
places,  as  at  Bei  en^iela,  they  are  quarried  to  some  extent,  and  pro- 
duce abundance  of  fine  alabaster,  extensively  used  for  the  purposes 
of  architecture  (for  example,  the  fountain  in  the  Alameda  of  La 
Paz,  &c.) :  some  of  the  slabs  of  this  material  are  so  transparent, 
that  tablets  c»f  it,  until  very  lately,  have  been  in  general  use  in 
this  part  of  llolivia  as  a  substitute  for  window-glass:  I  noticed  that 
the  'v\'indows  of  the  cliurch  at  Pisacoma  were  formed  of  this  ma- 
terial in  slabs  of  about  two  inche,s  thick.  Tlie  sandstones  varj-  from 
red  to  bro\\Ti  in  colour,  and  generally  are  not  very  compact,  much  re- 
sembling ofcasi<mally  the  sandstones  of  this  formation  in  England,  as 
at  Pachcta  (Section  No.  2)  we  find  them  lighter  in  colour,  and  some- 
times yellowish.  The  conglomerate's,  when  intercahited  with  the  sand- 
stones, are  generally  of  very  insignificant  thickness,  often  not  many 
inches  across,  and  contain  principally  small  rounded  quartz-pebbles, 
of  the  size  of  a  nut,  as  at  La  (luardia  (Section  No.  1);  ^ose  at 
Cimiri  are  of  considerable  thickness  (probably  some  hundred  feet), 
and  arc  of  a  deep  red  (lolour,  and  consist  exclusively  of  rounded 
fragments  of  quartzite.s,  grauwaekes,  clay-slates,  and  granite,  all 
similar  to  those  found  in  the  eastern  di\ision  of  the  diluvial  forma- 
tion before  described,  jmd  evidently  of  the  same  origin. 

As  in  tlio  Ihirojx'un  Permians,  brine-springs  are  very  common  in 
this  formation :  and  tlie  cupriferous  sandstones,  here  so  well  deve- 
loped at  Corocoro,  Pisac^i,  San  Bartolo,  Santa  Barbara,  &c.,  appear 
as  the  reproseutalives  of  the  similar  cupriferous  beds  of  Eussia,  the 
Thiiiingerwald  and  the  Harz  ;  and  a  further  curious  coincidence  may 
be  foimd  in  the  determination  by  Mr.  Kroeber  of  the  presence  of 
the  rare  element  vanacHum  in  the  Corocoro  copper-sandstones, — an 
occurrence  long  known  as  peculiarly  charactciistic  of  the  Thurin- 
gian  Kupfer-Schiefer. 
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I  Ab  seen  in  the  accompanying  Map,  this  formation  extends  from 

t        the  Lake  Titicaca  in  Peru,  southwards,  nearly,  if  not  quite,  through 

It        the  republic  of  Bolivia,  and  possibly  runs  right  into  the  Argentine 
prorinoes  to  the  hack  or  eastern  side  of  the  volcanic  range  of  the 
Desert  of  Atacama,  and  everywhere  presents  the  same  characteristic 
'        features.    The  cupriferous  sandstones,  for  example,  which  are  so 
characteriBtic  of  this  formation,  show  themselves  all  along  this  ex- 
tent.   B^inning  their  appearance  in  the  north  (in  the  district  of 
funo),  they  are  seen  at  the  Pacheta  (Section  2),  then  at  Pisaca,  Coro- 
Mro,ChacMilla,  El  Turco,  Santa  Barbara,  San  Bartolo,  and  eVen  fur- 
ther south ;  and  Mr.  Villamil  informs  me  that  they  are  also  visible 
m  the  district  of  Andalgalla,  in  the  Argentine  republic, — a  distance 
of  fiilly  500  miles  from  north  to  south.    The  breadth  of  country  over 
^hich  they  are  found  is  probably  from  50  to  80  miles  across ;  and  the 
Sections  Nos.  1  and  2  show  the  general  character  of  their  transverse 
^tion,  exhibiting  a  series  of  longitudinal  ridges,  elevated  to  no  great 
"f^ht  above  the  general  level  of  the  plateau,  seldom  higher  than  from 
150()  to  2500  feet  above  it,  and  formed  by  a  series  of  anticlinals 
Jiaving  a  general  strike  of  from  N.10°W.  to  N.W.  with  varying 
uip, 

A  few  of  the  more  important  observations  of  the  strike  and  dip  of 
^^  strata  met  with  in  Sections  Nos.  1  and  2  are  hero  appended : — 

-^ill  east  of  Santiago  deMachaca.    Soft  red  sandstones,        Strike.         Dip. 

^    with  red  and  white  marls N.10°W.  15^E. 

:*l:ill  at  San  Andres  deMachaca.    Red  and  white  marls    N.20°W.   16°N.E. 
^^111  east  of  Nasacara.    Bed  clay,  with  pebbles  and 

compact  red  shales    20°N.E. 

-Mill  further  east  of  Nasacara.    Red  and  purple  clays. . .  lO^N.E. 

Pacheta  deAntarini  Soft  red  sandstones  and  red  marls  N.W.  4r)°N.E. 

^^^/iguna  del  Toro.     Brown-red  sandstones,  with  gyp' 

aeousbedB  N.W.  50°N.E. 

Xittle  east  of  Laguna  del  Toro.  Red-brown  sandstones, 

with  cupriferous  beds    N.W.  70°N.E. 

Pacheta.   Ked-brown  sandstones,  with  cupriferous  beds       NN.W.  40°  W. 
:Pacheta  (further  east).    Red  and  yellowish  sandstones  N.E.  30°S.E. 
Pacheta  (still  further  east).    Red  and  yello^'ish  sand- 
stones   20°S.E. 

Ditto.  ditto 10°SE. 

Ditto.  ditto 30°S.E. 

Ditto.  ditto N.E.  20°NN.E. 

West  of  Tambillos.  Light  reddish-brown  sandstones, 
with  finely  contorted  lamellar  structure,  and  the 
stratification  marked  by  rows  of  peculiar  black  spots       NN.W.  25°  N.E. 

ElTambillo.    Red  sandstones    N.W.  45°  N.E. 

Between  El  Tambillo  and  Coniri.  Red  conglomerate, 
large  pebbles  of  quartzite,  grauwacke,  and  granite, 

occasionally  a  fragment  of  cby-slat©  N.W.  40°  N.E. 

lAGuardia  (Section  No.  1).    Red  sandstone  and  grey 

pebbly  conglomerate,  with  colourless  quartz  pebbles        NN.W.  45°  S.W. 
East  of  JPisacoma.    Thin  fine  red  grey  and  white  sand  - 
stones  and  pebbly  conglomerates N.10°W.  20°S.E. 

In  the  accompanying  Map  (PI.  I.)  it  will  be  seen  that  at  Peiias, 
near  the  south  end  of  the  Lake  of  Titicaca,  a  small  patch  is  coloured 
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.■i.>  rcriiii.iii.  (|iiitf  il.tarlicil  from  thr  I'ot  ut"  tliis  lormatiuii,  witi: 
which  it  has  bt'cn  grouped  merely  from  its  general  resemhlanci' 
in  mineral  character.  It  rises  in  the  midst  of  the  eastern  plateau 
or  "  Puna "  (as  it  is  generally  termed  by  the  natives)  as  a  steep 
ridge,  broken  in  the  centre  so  as  to  form  a  steep  anticlinal,  with  the 
strata  dipping  resj)ectively  to  west  and  eastward.  The  centre  of 
this  anticlinal  is  fonned  of  red  sandstones  with  gypseous  seams ;  at 
Peiias  the  gypsum  frequently  occurs  in  crystalline  plates  of  great 
purity  ;  above  these,  to  the  westward,  are  some  beds  of  coarse  red 
conglomerate,  which,  in  turn,  are  succeeded  and  covered  by  a  second 
series  of  red  sandstones.  At  Peiias  the  gypseous  sandstones  which 
form  the  anticlinal  have  a  strike  of  N.  20°  E.,  and,  aft<?r  dipping  at 
a  high  angle  to  the  east,  gi-adually  beeome  less  inclined,  and  rise, 
with  a  revei-se  or  westerly  dip,  in  a  little  hill  to  the  eastward,  thus 
forming  a  shallow  intermediate  basin ;  the  red  conglomerates  which 
should  overlie  them  do  not  come  to  the  surface. 

The  wTll-known  copi)er-mines  of  Corocoro ,  (which,  besides  the 
supply  for  the  home-consumption,  exported  from  the  port  of  Arica 
in  one  of  the  last  years  washed  copper  of  the  lociil  value  of 
2,4oO,()uo  dollars)  are  situatxid  in  the  red  sandstones  of  this  forma- 
tion, and  have  })cen  worked  by  the  Indians  from  time  immemoriul. 
Thoy  were  found  in  o])(?ration  at  the  time  of  the  Spanish  conquest, 
and  since  then,  u])  to  the  present  date,  have  gradually  increased  in 
importance,  notwithstanding  that  many  of  the  mining  and  metal- 
lurgical ])ro(!css(\s  are  conducted  in  a  manner  more  indicative  of  the— 
times  of  the  Iiica  dynasty  than  of  the  nineteenth  century. 

The  copper  occurs  native  as  metallic  grains  or  larger  masses,  dis- 
seminated invguhirly  in  ceiiain  beds  of  sandstone  ;  but  combinations-- 
of  copper  with  oxygen,  arsenic,  &c.  are  also  foimd  occurring  in  a 
similar  manner  to  the  west  of  the  line  of  faidt ;  the  metallic  copper, 
however,  is  the  main  object  of  exploration,  and  in  a  state  of  powder, 
i-esulting  i'rom  tlie  cnishing  and  washing  of  the  cupriferous  sand- 
stones, is  crxj)orted  in  large  quantities  to  Europe  under  the  name  of 
*•  copper-barilla."  The  want  of  coal  or  wood  in  this  barren  region 
prevents  the  otlier  or  mineralized  ores  of  copper  being  worked  or 
concentrated  to  a  sufficiently  high  percentage  for  exi)ortation, — the 
only  smelting  works  in  operation  for  the  supply  of  the  countiy,  and 
for  some  little  ingot-copper  for  exportation,  being  supplied  wiUi  fuel 
from  the  excrcm(»nts  of  the  Llamas — it  being  considered  that  100 
(piintals  (eacli  quintal  =  101 1  lbs.  English)  of  Llama  dung  will 
smelt  SO  (piintals  of  **  copper-barilla*.'     The  furnaces  employed  are 

*  Owing  to  a  wist*  provision  of  nature,  the  Llumas,  when  prossed  by  the  calif 
of  nature,  do  not.  like  the  alieoj),  scatter  their  excrements  over  the  ground  at 
random,  but  nsort  to  fixed  apot<«,  wliioh  they  select  themselves  for  the  purpose, 
which  circunistanfv  rnablcB  an  ahnosi  incredible  quantity  of  this  material  (espe- 
cijillv  when  we  i'onsidcr  tlial  in  size  the  excrement«  do  not  materially  ezooed 
tho!»e  of  the  sli(»ip)  to  be  eollocted  for  the  use  of  the  coppor-smelters,  ana  far  the 
gent>rul  supply  of  the  inhabitants  with  fuel  in  a  country  otherwise  destitute  of 
(•ombustiblcs.  The  other  animals  allied  to  the  Llama  (Alpaca,  VicuSia,  and 
Guanaco)  al2*o  follow  this  laudable  eusfom. 


I860.] 


FOBBES — ^BOLIVIA  AKD  PERU. 


41 


iwffberatories  with  two  chimneys  instead  of  one  as  generally  used 
for  cod  or  wood. 

The  mode  of  occurrence  of  the  cupriferous  deposits  of  Corocoro  is 
shown  by  the  accompanying  sketch-section  (fig.  2),  not  drawn  to  a 
scale,  but  affording  a  pretty  good  general  idea  of  the  main  features  of 
this  important  mining-district.  In  this  section  the  beds  of  cupri- 
fepoQg  sandstone  which  are  known  and  worked  are  denoted  by 
^^tinuoas  black  bands,  whilst  those  supposed  to  exist,  but  not  yet 
pit)Ted,  are  shown  by  interrupted  black  bonds. 

Fig.  2. — Diagram-section  of  the  Corocoro  Copper-mines, 


!'i.i,iM.;'.i 

^  ^  Veta  del  Buen  Pastor, 


2.  Veta  de  Rejo. 


3.  Veta  Umacoia. 


In  the  centre  of  the  section  a  great  fault  is  seen  bearing  nearly 
T^J^t  not  quite  N.W.,  and  dividing  the  whole  metalliferous  district  into 
F^f)  parts ;  and  on  examination 

j^  '^ras  found  to  have  produced     Fig.  3. — Ground-plan  of  the  FauU, 

^pth  a  horizontal  and  a  vertical 

^^^^tuibance  in  the  original  po- 

?^tion  of  the  beds.    Horizon- 

5^ily,  the  beds  which,  if  merely 

^^>)ken  and  lifted  up  vertically 

^^^  one  or  both  sides  of  the  fault, 

^"ould  naturally  show  parallel 

5;i^e8  of  outcrop,  do  not  so ; 

^\it  on  the  right  hand  or  east 

^"ide  of  thefault  they  are  skewed 

^>nmd,  80  as  to  make  an  angle 

^:^f  about  10®  to  the  fault  and 

Vhe  outcrop  of  the  beds  on  the 

>rest  dde.    This  will  be  fully 

Xmdeistood  by  reference  to  the 

annexed  woodcut  (fig.  3),  which 

is  supposed  to  represent  a  ground-plan  of  the  present  outcrop  of  the 

lines  of  atratification  on  both  sides  of  the  fault,  and  will  not  require 

further  explanation. 


Fault 
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Still  further  westward,  at  Pontezuelo,  out  of  reach  of  the  imme- 
diate action  of  the  fault,  the  beds  were  found  as  follows  (commencmg 
from  the  westward) : — 

N.  35°  W.  Dip.  50°  S. W.     Fine  red  sandstone  beds.     Found  to 

affect  the  magnetic  needle. 

N.35°W.     „   45°S.W.     Coarser  red  sandstones,  about  150  ft. 

thick. 

N.35°W,     „    45°S.W.    Fine  laminated  and  thick  beds  of  red 

sandstone. 

N.40°W.     „    45°S.W.     Fine  grey  sandstones. 

N.  45°  W.     „    40°  S.W.     Coarse  grits  and  fine  conglomerates, 

consisting  of  white  quartz-pebbles, 
hardened  grey,  black,  and  greenish 
slates,  and  fragments  of  rod  sand- 
stone. 

Starting  from  the  westward,  over  a  series  of  fine-grained  red 
sandstones,  we  come  upon  some  coarser  and  more  gritty  strata,  in 
which  arc  imbedded  several  seams  containing  copper,  visible  on  th& 
suiface  by  the  green  colour  acquired  by  oxidation  (they  are  not 
worked,  being  considered  too  poor) ;  pebbly  conglomerates  are  then. 
passed  over,  some  of  which  ai'e  also  impregnated  with  copper ;  and 
we  tlicn  arrive  at  the  Veta  de  Buen  Pastor,  a  fine-grained  sandstone, 
inii)reguated  not  only  >vith  copper,  but  also  ^with  native  silver,  dis— 
geminated  in  line  metallic  grains  tlirough  the  mass  of  sandstone. 
As  the  silver  is  of  more  value  than  the  copper  associated  with  it, 
this  bed  is  worked  exclusively  as  an  argentiferous  exploration* 
llic  succeeding  strat^i  are  still  coarse  grits  and  fine  conglomerates  ? 
and  we  come  upon  the  Veta  de  llojo,  or  Yeta  Copacabana,  whicb. 
also  diiFei*s  essentially  from  all  the  others  fix)m  being  rich  in  copper" 
in  a  mineralized  state  of  combination  with  arsenic,  sulphur,  ic. 
The  ore  from  this  mine  being  very  dark  in  colour,  from  the  presences 
of  much  arseniate  of  copper,  this  stratum  is  frecjuently  termed  thc^ 
*'  Veta  Xepjra,''  or  black  vein.  Still  lower  in  the  same  class  of  beds^ 
the  Veta  Uemacoia,  or  main  seam  of  copper,  is  encountered  and 
found  to  produce  native  copper,  disseminated  irregularly  through  a 
coai*se  ^rit,  in  grains,  irregular  lumps,  or  plates,  sometimes  of  veiy 
considerable  size.  This  seam  is  considered  to  have  been  the  most 
anciently  worked  deposit  of  Corocoro,  as  it  had  been  extensively 
work<'d  by  the  Indians  before  the  Spanish  conquest ;  at  present  it 
is  regai-dedas  nearly  exhausted,  notwithstanding  its  extent  of  several 
miles,  over  wliicli  it  has  been  exph)i*ed.  It  is  probable  that  by 
»*  exhaiLstion''  is  only  meant  a  miner's  mode  of  expressing  that  the 
depth  of  the  workings  and  difficulty  of  keeping  them  free  from  water 
docs  not  e(|ual  the  value  of  the  produce. 

Below  this  metallic  bed  we  find  some  gritty  strata,  and  then  haT9 
a  characteristic  bed  of  fine-grained  crumbly  red  sandstone  of  im-^ 
mense  thiirkness,  the  upper  edge  of  which  is  seen  on  the  sariac& 
close  to  the  Hue  of  fault.  Nothing  is  now  known  of  the  strata.* 
metallic  or  othemise,  which  may  exist  in  depth  on  this  (western]^ 
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fide  of  the  fault ;  bnt  the  metallic  beds  depicted  in  the  section  are 
Rippoeed  by  me  to  exist,  for  reasons  which  will  subsequently  be 
explained. 

Cwesing  now  over  to  the  east  side  of  the  line  of  fiault,  we  find  an 
immense  development  of  the  same  fine-grained  sandstones  as  those 
noticed  as  composing  the  last  bed  met  with  on  the  surface  to  the  west- 
ward of  the  fault ;  and  in  the  lower  part  of  this  bed  we  find  developed 
a  series  of  metalliferous  beds  differing  considerably  in  their  features 
from  the  **  vetas  "  (or  veins, — ^more  properly,  beds)  previously  de- 
smbed  as  seen  and  worked  on  the  surface  at  the  other  side  of  the 
fimlt.  These,  from  their  being  of  much  less  thickness,  are  called 
by  the  miners  ''  ramos,"  or  branches ;  and,  for  the  sake  of  clearness, 
only  five  of  these  are  drawn  in  the  section,  whereas  many  more  exist, 
as  known  by  the  mining  explorations  in  them :  for  example,  in  the 
"  Mina  de  C^bani  "  there  occur  five  principal  or  workable  "  ramos  " 
and  nine  lesser  ones ;  and  possibly  a  still  greater  depth  may  bring 
others  to  our  knowledge. 

The  strike  of  these  "ramos"  is  tolerably  constant,  and  only 
affected  by  purely  local  circumstances  ;  but  the  dip  was  found  to  be 
higher- as  we  approached  the  fault:  thus,  in  the  Mina  del  Pozo  the 
following  observations  were  taken : — 

Strike  N.  25°  W.  Dip.  80°  E. 
„     N.20°W.      „     75°  E. 
„     N.  35°  W.      „     70°  E.  (Ramo  de  San  Jose.) 
„     N.35°W.      „     35°  E. 
„      N.25°W.      „     30°  E. 

the  angle  decreasing  with  great  rapidity  as  we  get  away  from  the 
^ult,  showing  that  a  sort  of  bend  or  curve  had  taken  place  in  the 
Wa  on  settling  down  or  coming  to  rest  after  the  dislocation. 

A  considerable  amount  of  gypsum  is  found  in  the  form  of  strings 
or  veins,  also  as  small  crystalline  particles  disseminated  through 
these  and  the  beds  of  red  sandstones  of  this  whole  series. 

These  cupriferous  beds  are  very  extensively  explored  in  Corocoro, 
^^d  produce  a  large  portion  of  the  supply  of  copper  derived  from 
this  district.  The  ore  obtained  from  the  "  ramos  "  is  very  different 
and  in  a  much  finer  state  of  aggregation  than  that  from  the  "  vetas :" 
this  probably  arises  from  the  latter  being  situated  in  the  midst  of 
^ttoh  coarser  and  more  porous  or  open  beds  of  grit  and  conglomerates 
of  small  pebbles.  In  both  cases  the  ore  is  seldom  continuous  for 
*ny  great  distance,  but  is  found  scattered  through  the  metalliferous 
^^dstones,  in  irregular  patches  or  spots  of  a  white  or  greenish- 
^Wte  colour,  full  of  small  grains  of  metallic  copper :  the  colour  of 
t^^  spots,  forming  a  striking  contrast  with  the  deep  red  colour  of 
^  rest  of  the  bed,  affords,  at  first  sight,  a  sure  indication  of  the 
P'^nce  of  the  metad..  This  discoloration  (for  such  it  evidently  is) 
^^ms  to  indicate  some  chemical  change  having  taken  place,  appa- 
'^tly  connected  with  the  reduction  of  the  copper  to  the  metallic  state, 
"^4  the  formation  of  the  sulphate  of  lime  (gj'psum)  in  these  beds. 

An  attentive  study  of  this  interesting  formation  has  led  me  to 
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tho  conclusion  that  this  change  has  heen  caused  by  the  evoktu 
of  sulphurous  fumes,  disengaged,  and  penetrating  into  the  porn 
the  strata,  at  the  time  of  tie  eruption  of  the  dioritic  rocks  of  0 
manche  and  the  Cerro  de  las  Esmeraldas,  situated  respectively  to  1i 
north  and  south  of  the  metalliferous  district  of  Corocoro,  and  t 
protrusion  of  which  through  these  Permian  beds  I  consider 
having  caused  the  fault  itself  and  the  accompanying  dialocations 
the  strata. 

The  sandstone  I  suppose  to  have  been,  previously  to  this  distor 
ance,  calcareous,  and  more  especially  so  in  the  cupriferous  parts, 
wliich  1  regard  the  copper  as  having  been  present  in  tho  state 
oxide  or  carbonate  associated  with  carbonate  of  lime.  Sulphuro 
acid,  by  combining  with  the  oxygen  of  the  oxide  of  copper  to  fin 
sulphuric  acid,  would  reduce  the  copper  to  the  metallic  state,  whi 
at  the  same  time  the  sulphuric  acid  thus  formed,  acting  upon  t 
carbonate  of  lime,  would  produce  the  sulphate  of  lime  (or  gypsQi 
invariably  accompanying  tbese  deposits. 

It  woiild  have  much  simplified  our  ideas  as  to  the  geological  a 
and  origin  of  the  occurrence  of  copper  in  South  America  if  th€ 
deposits  could  have  been  shown  to  have  had  their  cupriferous  co 
tents  injected  into  them  at  the  time  of  this  dioritic  eruption,  whi< 
as  previously  has  been  stated,  is  the  direct  cause  of  all  the  copp< 
veins  which  I  had  previously  met  with  in  Peru,  Chile,  and  Bolit 
The  question  deserv^es  further  investigation ;  but  the  facts  in  hfl 
appear  contrary  to  this  view,  and  to  point  out  the  copper  as  originfl 
present  in  these  sedimentary  beds,  probably,  not  as  metallic  copp 
but  in  a  state  of  combination,  and  subsequently  reduced  to 
metallic  state  as  before  explained, — in  corroboration  of  which  it  u 
be  mentioned  that  these  £oritic  rocks  can  be  everywhere  proved 
have  been  accompanied  by  a  great  evolution  of  sulphurous  acid  i 
other  gases,  by  which  the  rocks  in  immediate  contact  have  v 
generally  been  greatly  metamorphosed.  The  supposition  that 
sandstones  were  calcareous  is  only  in  accordance  with  tho  freque 
of  calcareous  beds  met  with  in  the  unaltered  parts  of  this  format 

Tlie  eruption  of  these  dioritic  rocks  may,  however,  have  p06si 
been  the  cause  of  our  finding  certain  beds  (or  rather  portioni 
beds),  to  the  west  of  the  fault,  containing  metallic  silver,  and 
pregnated  with  arsenic,  sulphur,  &c.,  by  which  arsenides,  sulphi 
&c.  of  these  metals  have  been  formed  as  domeykite,  condnn 
copper-glance,  <fec. 

One  of  these  compounds,  occurring  in  the  Veta  del  Buen  Pa/ 
(pre\iously  mentioned),  in  the  form  of  grey  metallic  grains  disse 
nated  in  the  sandstone  in  a  similar  manner  to  tho  usual  cecum 
of  native  copper  before  described,  was  analysed  by  me  and  foun< 
be  domeykite,  the  analysis  affording — 

Copper 71-13 

Silver     0-46 

Arsenic 28-41 

10000 
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It  would  appear  Teiy  probable  that  this  had  been  formed  in  situ 
\ij  the  action  of  arsenicaL  vapours  on  the  metallic  copper  dispersed 
in  the  bed«  That  snch  a  result  can  be  thus  produced  may  easily  be 
experimentally  demonstrated  by  holding  a  small  piece  of  Corocoro 
eopper-ore  over  a  heated  crucible  containing  arsenic. 

Only  a  certain  portion  of  the  beds  appear  to  have  been  so  affected ; 
ud  the  spotted  portion  in  fig.  2,  p.  41,  is  supposed  to  represent 
this  line  of  arsenical  and  other  impregnation,  from  which  it  will  be 
Men  that  the  Veta  del  Buen  Pastor  and  Veta  de  Rojo  are  altered 
from  the  surfSace ;  but  the  main  bed,  or  Yeta  Umacoia,  is,  I  believe, 
Bot  affected  at  the  surface ;  but  it  is  so  deeper  down,  since  we  find 
that  the  native  copper  from  the  Mina  Cimbani  contains  arsenic, 
88  aeen  from  an  analysis  which  is  given  a  little  further  on :  and  I 
am  infonned  that  silver  has  been  met  with  in  depth  in  the  Mina 
de  Qdmse  Cruz ;  possibly  this  impregnation  of  arsenic,  silver,  &c. 
mi^t  (or  in  greater  depth  be  found  to)  present  itself  as  a  vein  of 
these  metals. 

The  metallic  copper  of  Corocoro  is  not  only  found  as  small  grains 
in  the  sandstones,  but  also  in  nodules,  irregular  lumps,  and  plates 
<nr  ^eets  interposed  between  the  beds  of  sandstone,  occasionally 
ttsuming  crystalline  and  beautiful  dendritic  forms.  In  the  Socabon 
de  la  Paz,  on  the  Veta  Umacoia  (main  scam),  pseudomorphic  cry- 
stals of  native  copper  are  found  as  hexagonal  prisms  without  ter- 
minal planes ;  an  analysis  of  one  of  these  by  Mr.  Kroeber  is  an- 
nexed: 

Copper     98-605 

Silica  0015 

Silver (trace) 

Iron  (as  lost) 1-376 

Metallic  matter  (insoluble  in 

NO.HCl)    0-004 

100000 

Some  are  solid ;  but  others,  when  sawed  through,  exposed  a  nu- 
<^«n8  of  carbonate  of  lime,  which  would  lead  to  the  inference  that 
^tte  pseudomorphs  had  been  formed  by  the  action  of  a  solution  of 
<iopper  on  crystals  of  carbonate  of  lime,  and  by  some  subsequent 
Mimical  change  the  carbonate  of  copper  so  formed  had  been  reduced 
to  the  metallic  state. 

As  is  well  known,  the  Permian  Kupfer-Schiefer,  or  cupriferous 
hitaminous  shales  of  Thuringia,  are  characterized  by  the  occurrence 
^  the  rare  metal  vanadium  entering  into  their  chemical  composi- 
tion ;  it  appeared  to  me,  therefore,  of  considerable  interest  to  know 
whether  this  also  was  the  case  here  in  Corocoro,  where  strata  oc- 
curred of  very  different  mineral  character,  but  supposed  to  represent 
^  same  geological  epoch.  Not  having  a  laboratory  at  my  command, 
^^'  Kroeber  kindly  undertook  the  examination ;  and  his  analysis  of 
^  ^washed  oopper-ore  from  the  Mina  de  Cimbani,  previously  men- 
tioned,  affi>ided  the  following  results :— 
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Water 3-500 

Copper 63-341 

Iron     1-200 

Silver 0*003 

Sulphuric  acid     4'301 

Sulphur 2-102 

Arsenic  ' 21-341 

Carhonic  acid 4-032 

Vanadic  acid   0-412 

Sand    0-100 
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100-332 


TaxHt 


from  which  it  will  be  seen  that  even  here  in  Bolivia,  so  far  distint, 
the  same  chemical  agencies  had  been  in  operation,  and  we  findthft 
metal  vanadium  playing  a  geological  role,  if  such  a  simile  be 
allowable. 

As  the  respective  names  of  "  veta  "  (vein)  and  "  ramo  "  (brandi) 
denote,  the  metalliferous"  beds  situated  to  the  east  of  the  &nlt 
had  most  probably,  from  their  lesser  thickness,  been  regarded  ai 
branches  or  offshoots  of  the  former, — a  supposition  apparently  8U|h 
ported  by  finding  in  the  Mina  Cimbani  the  actual  contact  of  the 
former  with  one  of  the  latter  (Kamo  de  San  Pi-udentio) ;  and  a  large 
hand-specimen  in  my  possession,  taken  from  this  point,  and  kin^ 
given  me  by  General  Brown,  the  proprietor  of  this  mine,  shows,  •» 
in  fig.  4,  the  two  inclined  at  an  angle 

one  to  another,  strongly  cemented  to-  Fig.  4. — SketcJi  of  the  Hand- 
gether,   and  presenting   the  peculiar    specimen,  showimj  (he  FwA- 
characters  of  each  of  these  different 
deposits  and  the    adjacent   rocks  in 
which  they  are  situated.   This  circum- 
stance is  naturally  duo   only  to  the 
different  inclination  of  the  strata  on        Vot» 
each  side  of  the  line  of  fault,  causing 
the  veta  to  cross  the  upper  ramos ;  it 
is,  however,  intcrasting   as  showing 
how  intimately  the  fault  has  been  closed  up  by  the  grinding  B^^ 
sliding  action  which  accompanied  its  formation. 

Attempts  had  been,  at  various  times,  made  by  the  miners  of  Cot^^ 
coro  to  pursue  their  workings  on  these  ramos  through  and  on  ^ 
the  other  side  of  the  fault,  and  also  to  discover  the  representati'^^ 
of  the  vetas  on  the  eastern  side  of  the  same ;  but  res^urcfaos  m^^^ 
witlioiit  any  preconceived  idea  of  the  true  state  of  the  case  were  tx^ 
likely  to  be  successful ;  and,  up  to  the  time  I  left  Corocoio^  tb^- 
had  not  been  attended  with  other  results  than  peconiaiy  loss.  Hf^ 
did  not  permit  of  my  making  a  correct  section  across  thuinterasti^ 
metalliferous  district,  and  so  deciding  the  question ;  bat  a  study  of  tS" 
immediate  neighbourhood  of  the  fault,  and  particidarly  the  diaoofV0>^ 
to  the  west  (and  close  up  to  the  line  of  fiiult)  of  the  upper  beds  ^ 
fine-gniined  red  sandstones,  very  di£[erent  nom  the  eoaner  he^ 
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above  them,  and  so  analogous  in  character  to  those  on  the  cast  side  of 
the  fault  (and  which  also  I  could  find  developed  further  west), 
fiimished  me  with  a  clue  to  the  explication  of  the  question  as 
represented  in  the  section.  I  have  further  reason  to  believe  this 
to  be  correct  from  finding,  much  further  to  the  west  (as  marked 
in  the  section),  coarser  and  pebbly  beds  and  traces  of  the  outcrop 
of  cupriferous  beds,  which,  on  examination,  may  possibly  prove 
to  be  the  representatives  of  the  western  half  of  the  dislocated 
"  vetas."  * 

Before  taking  leave  of  Corocoro,  I  must  mention  the  occurrence  of 
fossil  wood  in  the  beds  of  the  mine  of  Quimse  Cruz,  in  a  carbonized 
state,  and  occasionally  having  the  pores  filled  with  metallic  copper ; 
also  the  occurrence  of  a  fossil  skeleton  of  a  Mammal  in  the  mine  of 
Santa  Rosaf  in  1859,  part  of  which  I  was  enabled  to  obtain  through 
General  Brown,  and  which  Prof.  Huxley,  having  kindly  examined 
it,  pronounces  to  be  the  skeleton  of  a  mammal  of  the  Camel  tribe, 
allied  to  the  llama,  but  presenting  marked  differences  from  it :  it 
has  been  called  by  him  JdacraucJunia  BoliviensisX.     See  p.  73. 

The  occurrence  of  a  Mammal  of  the  post-pleistocene  period  in 

rtrata  considered  as  so  much  older  appears  only  to  be  accoimted  for 

on  the  supposition  that  the  animal  had  fallen  into  a  fissure  in  those 

rocka,  and  been  8ubse<iuently  covered  up  by  the  cnimbling  sandy 

de^jria  of  the  adjacent  rocks,  which  has  gradually  consolidated.    The 

nnneof  Santa  Rosa  being  situated  close  to  the  fault,  it  might  be  also 

possible  that  some  portion  of  the  fault  itself  has  not  been  closed  up, 

and  has  thus  left  a  fissure,  which  might  account  for  the  depth  at 

vhich  these  remains  were  found  under  the  surface.     The  bones 

themselves  are  in  some  instances  almost  converted  into  copper,  or 

*t  least  the  pores  are  filled  with  that  metal, — a  circumstance  easily 

accounted  for  in  strata  so  highly  impregnated  with  it. 

^  I  have  gone  into  this  detailed  description  of  the  cupriferous  forma- 

tiona  of  Corocoro,  because  they  are  at  present  the  object  of  the  most 

Important  metallic  explorations  in  the  Permian  rocks  of  Bolivia ;  but 

^^  all  I  can  learn,  the  other  mining  districts  in  this  formation 

P'^ent  quite  analogous  features,  and  in  some  cases,  as  at  San  Bartolo 

'J  the  south  of  Bolivia,  are  developed  on  an  equally  large  scale, — 

**^G  occurrence  of  the  metallic  copper  in  them  being  exactly  as  de- 

*^bed  in  Corocoro§. 

the  disturbances  or  convulsions  which  have  affected  the  Permian 


jv  ^  I  cannot  but  ezpren  here  the  obli^tions  I  am  under  to  Fieldmarshal 
5^wii,  M.  Pedro  Saienz.  and  other  frienos  at  Corocoro  for  the  kind  assistance 
^^  afforded  me  in  my  researches  in  this  part  of  the  country. 

*t-  The  fofmer  of  these  mines  belongs  to  Mr.  Teare,  the  latter  to  Mr.  Griffiths. 

I  The  oocnrrenoe  of  an  animal  allied  to  the  only  known  larger  mammals 
^f  this  part  of  Bolivia  (the  -Llama,  Alpaco,  Ghianaco,  and  Vicufia)  is  further  in- 
^^tcstin^  aa  showing  that  the  great  Bouvian  plateau,  at  so  much  earlier  a  period, 
^M  inhabited  by  <mifnRl«  generically  allied  to  those  found  there  at  present,  and 
^o  of  wfaicfa  (the  Llama  and  Alpaoo)  are  known  to  be  indigenous,  and  not  to 
^kicur  elsewhero  in  the  world. 

I  Mr.  Abel  of  Copiapo  has,  in  a  letter,  kindly  forwarded  me  the  following 
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or  Triassic  strata  in  this  part  of  the  world  are  referable  to  thre< 
distinct  epochs : — 

1.  Their  upheaval  by  the  porphyries  of  Oolitic  age. 

2.  The  protrusion  of  the  still  later  dioritic  rocks. 

3.  The  eruptions  of  the  volcanic  rocks,  properly  so  called. 

All  these  have  been  already  treated  of  more  or  less  in  detail ;  aa* 
in  the  sections  accompanying  this  memoir  (PL  II.)  these  occurrence 
are  in  themselves  siifficiently  obvious  to  require  no  farther  expla 
nation. 

8.  Carboniferous  Formation. — The  rocks  of  Carboniferous  age  mc 
with  in  Bolivia,  to  the  west  of  the  high  Andes,  appear,  at  intervals 
as  small,  elongated,  basin-shaped  deposits,  the  longer  axis  of  whic 
is  more  or  less  north-west  and  south-east ;  these  basins  are  situate 
in  the  midst  of  the  great  western  diluvial  plateau,  showing  their 
selves  to  the  north  at  the  Lake  of  Titicaca,  and,  further  south,  i 
the  provinces  of  Arque  and  Oruro. 

The  portion  of  this  formation  examined  by  me  is  shown  in  tl 
accompanying  Map  (PI.  I.)  and  Section  No.  1  (PI.  TL),  where 
forms  the  Isthmus  of  Copacabana  in  the  Lake  of  Titicaca,  the  pr* 
jocting  headland  on  the  other  side  of  the  Straits  of  Tiquina,  and  tl 
islands  in  the  lake  itself.  It  is  of  very  small  extent  when  compare 
to  tho  immense  areas  occupied  by  the  other  sedimentary  formatio 
here  treated  of;  but  it  is  everywhere  highly  fossiliferous,  and  pr^ 
sents  a  fauna  which  leaves  no  doubt  as  to  its  geological  age :  tJ 
lowest  elevation  of  any  part  of  it  visible  is  about  12,600  feet ;  and 
ascends  from  that  height  up  to  fully  14,000  or  15,000  feet  above  tl 
level  of  the  sea. 

The  unfortunate  circumstance  that  war  was  declared  between  tJ 
republics  of  Peru  and  Bolivia  when  I  was  in  this  part  of  the  count^ 
prevented  me  making  anything  but  a  most  superficial  examinatio 
As  this  isthmus  is  divided  between  the  two  nations  by  such  a  se 
pentine  line  of  frontier  that  in  a  day's  journey  in  a  straight  line  t- 
traveller  enters  and  leaves  the  territory  of  one  or  the  other  of  the 
republics  no  less  than  seven  times,  and  both  lines  of  frontiers  wc 
occupied  by  the  respective  hostile  armies,  a  geologist  was  placed 
a  very  suspicious  and  uncomfortable  position — as  I  had  reason 
experience.     I  was  therefore  glad  to  get  over  the  ground  as  quicU 

analjaes  of  the  copper-sancb  from  San  Bartolo,  showing  tlic  composition  of  # 

ores  found  there  in  the  cupriferous  sandstone : — 

1.  2. 

Copper 57-3  34-3 

Insoluble  matter  1                      ^^.a  ka  o 

Silica,  Ac.            ;  '^^  °^^ 

Alumina,  Iron,  &c.  1                     a  a  ^ « 

Soluble  in  acids      /  ***  ^'^ 

Carbonate  of  lime 1*4  6*9 

98-6  98-7 

Che  deficiency  in  the  above  analyses  being  due  to  a  portfon  of  the  copper  b«iiig| 
a  state  of  oxidation  in  the  ore :  thus,  in  No.  1, 9*9  per  cent,  of  copper  w«fe  3 
solved  in  dilute  hydrochloric  acid. 
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as  possible,  and  was  only  enabled  to  make  observations  on  the  imme- 
diate route  ;  so  that  Hie  section  of  this  batdn  is  to  be  regarded  as  a 
sketch  merely ;  but,  at  the  same  time,  I  believe  that  it  represents 
pretty  accurately  the  real  state  of  the  case. 

Starting  from  the  eastern  portion  of  this  section,  from  Hachecache, 
after  traversing  the  volcanic  rocks  and  a  series  of  highly  contorted 
beds  supposed  by  D'Orbigny  to  be  of  Devonian  age,  we  arrive  at  the 
Carboniferous  series,  represented  in  the  section  as  being  unconform-^ 
able  to,  and  abutting  up  against,  the  last-mentioned  beds,  owing  to 

the  occurrence  of  a  fault: 
this  appeared  to  bo  the  case ; 
but  I  admit  that  it  is  not  de- 
termined with  as  much  pre- 
cision as  I  could  have  wished. 
The  strata  first  met  with 
are  red  sandstones  covered  by 
some  white  sandstones,  both 
of  which  alternate  with  and 
are  succeeded  by  a  rather 
nondescript  rock,  probably 
igneous,  as  the  overlying  beds 
of  shales  appeared  to  be  al- 
tered as  if  by  such  agency; 
above  these  are  some  thin 
calcareous  beds  (fossiliferous), 
but  the  fossils  I  met  with  were 
too  indistinct  for  determi- 
nation; and  then  greenish 
shales,  compact  greenish 
shales,  and  red  shales,  suc- 
ceeded by  beds  of  red  sand- 
stone, forming  the  beach  at 
Tiquina,  at  the  Lake  of  Ti- 
ticaca. 

The  Straits  of  Tiquina, 
which  here  separate  the  lower 
fipom  the  upper  part  of  the 
lake,  appear  to  the  eye  not 
to  attain  a  breadth  of  more 
than  from  one-half  to  one 
English  mile  across,  and, 
from  the  appearance  of  the 
stratification  on  both  sides, 
are  most  probably  the  seat 
of  a  great  fault  which  has 
broken  up  the  continuity  of 
the  Carboniferous  series. 
Bi  •  Hitherto    in    the    section 

—  strata  have  all  shown  a  dip  to  the  westward,  at  pretty  high 
^^^jles,  up  to  Tiqmna :  on  crossing  the  straits,  however,  we  meet 
VOL.  xvn. — PA»r  i.  ^ 
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with  rod  sandstones,  apparently  identical  with  those  on  the  oth< 
Bide,  but  so  dislocated  as  to  present  the  appearance  of  the  broke 
half  of  an  arch ;  and  a  few  yards  further  from  the  beach  the  beds  a: 
brought  to  a  vertical  position ;  and  thus  forming  a  fan-shaped  coi 
tortion,  they  commence  dipping  to  the  eastward  at  angles  at  fir 
very  high,  but  becoming  lower  and  lower  as  we  proceed  westwar 
ITie  relations  and  order  of  succession  of  these  rocks  are,  howeve 
much  better  seen  in  fig.  5,  showing  a  section  of  the  Carboniferoi 
series,  from  Tiquina  to  La  Guardia^  in  an  east  and  west  diro 
tion.  This  section  appears  to  represent  the  entire  thickness  of  th 
formation. 

The  above  section  will  require  no  further  explanation  or  descri] 
tion  of  succession ;  but  wiUi  reference  to  the  fossils,  I  may  sta' 
that  those  which  I  was  enabled  to  extract  from  these  beds  haTO  bee 
named  by  Mr.  Salter  as  follows : — 

Productus     pemireticulatus,  Martin.     Athyris  BubtiUta,  HaU, 

(P.  Inca,  UOrb.)  Ortnis  resupinata,  &«».? 

ProductuB  LongiBpina,  Sow,  (Capacii,  , Andii,  If  Orb. 

nOrh.)  I  Rhjnchouella  (now  species). 

Spirifer  Condor,  UOrh.  |  EuomphaluB  (PhaiiorotiniM?). 

BolivicnsiB,  Z>*  Orb.  BeUerophon ;  like  B.  Urii,  Flem. 

along  with  numerous  fragments  of  Corals  and  Crinoids  in  too  impc: 
feet  a  state  to  admit  of  being  recognized. 

A  Phacops,  named  in  Plate  IV.  Pfiacops  Pentlandii,  was  brong 
from  Aygatchi  at  the  south  end  of  the  Lake  of  Titicaca,  by  II 
Pentland  in  18*38,  and  supposed  by  him  to  be  in  the  Carbonifero 
rocks  there  ;  but,  according  to  Mr.  Salter,  this  is  an  Upper  Devoni 
type.  It  might  possibly  come  from  the  sandstone  series  at  the  ba 
of  the  Carboniferous,  as  the  rock  in  which  the  specimen  is  imbedd 
seems  to  point  out ;  in  such  a  case  these  sandstones  may  be  of  Upj 
Devonian  age. 

I  have  not  had  an  opportunity  of  visiting  the  Carboniferous  be 
in  the  provinces  of  Arque  or  Oruro ;  from  the  former,  Colonel  lie 
some  time  ago  sent  home  the  following  species : — Spirifer  Cond 
S.  lineatus,  Pt\)ductus  Cora,  P.  Inca,  P.  Boliviensis,  and  Orthis  And 

The  Carboniferous  rocks  of  the  Department  of  Santa  Cruz  appc 
to  form  a  perfectly  distinct  series  fit)m  the  above-described  isolal 
basins,  being  situated  at  a  much  less  elevation  above  the  sea,  and  c 
off  from  all  connexion  with  the  others  by  the  intervening  mountai 
chain  of  the  Andes.  According  to  M.  D'Orbigny  they  are  of  ma 
greater  extent ;  and  the  fossils  which  I  have  seen  appear  in  mu 
more  perfect  preservation.  Mr.  Cumming  brought  to  England  t 
foUoMdng  fossils,  stated  to  be  from  Santa  Cruz  : — Terehratula  miU 
punctata^  RhynchoneUa  Peruviana,  R,  Pleurodon,  Spirifer  BolivienB 
andS,  Condor, 

M.  D'Orbigny  has  coloured  on  his  map  as  Carboniferous  a  smi 
patch  around  and  including  the  "  Morro  de  Arica,"  which  is  seen 
Section  No.  2  as  a  steep  hUl  rising  perpendicularly  from  the  watei 
edge  to  the  height  of  about  500  feet  above  the  sea.    The  evidence  ] 
adduces  is  the  oceurrence  of  traces  of  a  Productus  in  blocks  of  lim* 
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stone  brought  up  by  the  porphyries  which  constitute  the  greater  mass 
of  this  hill.  This  evidence  does  not  appear  to  me  sufficiently  con- 
elusive  to  warrant  its  being  separated  from  the  other  strata,  which 
appear  continuous^  and  wluch  are  decidedly  of  Upper  Oolitic  age, — 
more  particularly  as  we  have  no  example  of  the  occurrence  of  Car- 
boniferous beds  anywhere  along  the  coast  of  the  Pacific  in  South 
America.  I  have  therefore  classed  them  along  with  the  Upper 
Oolitic  series  until  a  more  careful  examination,  which  1  hope  soon  to 
make,  may  afford  data  for  determining  their  exact  position. 

9.  Devonian  Formation, — The  rocks  which  in  Sections  Nos.  1  and 
2  aw  represented  as  of  Devonian  age  have  only  been  so  coloured  since 
mj  arrival  in  England :  when  these  sections  were  made  in  Bolivia 
I  had  always  regarded  them  as  forming  part  of  the  Upper  Silurian 
series,  and  coloured  them  accordingly. 

I  have  been  induced  by  Mr.  Salter  to  look  upon  them  as  possibly 
Devonian,  although  fjEU*  from  being  convinced  of  their  being  so  in 
reality.  The  evidence  of  their  geological  ago  is  as  follows.   No  fossils 
were  found  in  the  beds  of  either  of  these  sections  by  myself;  but 
M.  D'Orbigny  cites  one  single  specimen  f}&  occurring  near  Hachecache, 
a  new  species  of  Orthis,  called  by  him  OrtJiis  pectiiiata,  and  re- 
garded as  decidedly  Devonian  by  Mm,  although  Mr.  Salter,  judging 
from  the  figure  and  description  of  M.  D'Orbigny,  allows  that  it  might 
pertain  to  any  formation  from  Silurian  to  Carboniferous.    The  P/wt- 
ap»  Pentktndii,  from  Aygatchi,  is  from  near  the  junction  of  these 
rocks;  but,  as  previously  observed,  it  may  possibly  (as  Mr.  Pentland 
wpposes)  come  from  the  base  of  the  Carboniferous  basin,  the  beds 
«t  the  haae  of  which  might  consequently  be  of  Devonian  age ;  but 
the  exact  locality  of  this  fossil  is  too  uncertain  to  allow  it  to  be  con- 
sidered in  settling  this  question.     A  series  of  beds  of  somewhat 
similar  mineral  composition  occurs  in  the  same  strike  as  these  at 
Oruro,  in  which  a  white  sandstone  contains  great  numbers  of  an 
^^tAi*  considered  by  Mr.  Salter  as  Devonian  or  Carboniferous  from  its 
Wonging  to  the  group  of  Orthis  resupinata  and  0,filiaria.     The  Car- 
''^^iiiferous  Series  having  been  also  developed,  as  previously  mentioned, 
^  Oruro,  this  Orthis  might  possibly  belong  to  ^e  sandstones  at  the 
^^ftse  of  the  same.    A  Favosites  also  found  near  Oruro  does  not  afford 
'^y  satisfactory  evidence,  and  we  have  only  one  fossil  admitted  to  be 
^*1ily  Devonian — the  Phaeops  latifronsy  found  in  a  rolled  pebble  in 
^e  diluvial  plain  near  Oruro,  and  which  is  believed  by  Mr.  Salter 
V>  agree  in  aU  essential  particulars  with  the  European  and  American 
species. 

Any  evidence  derived  from  thickness  of  strata  in  a  case  where  the 
Devonian,  Upper  Silurian,  and  Lower  Silurian  formations  united,  as 
Exhibited  in  the  sections  here  laid  before  the  Society,  are  not  con- 
%idei8d  to  attain  a  collective  thickness  of  more  than  20,000  feet,  can- 
not be  taken  as  in  any  way  conclusive  against  grouping  the  whole 
of  these  strata  under  the  Silurian  formation,  when  the  magnitude 
of  similar  strata  in  other  parts  of  the  world  is  taken  into   con- 
nderation. 
Having  frequently  heard  of  the  immense  development  and  thick- 

£  2 
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ncs3  of  quartz-rock  in  Bolivia  before  having  visited  that  country,  ] 
afterwards  paid  considerable  attention  to  tins  point ;  but  in  the  di- 
stricts traversed  by  me,  although  containing  a  vast  area  composed  o 
more  or  less  compact  sandstones  and  impure  siliceous  beds,  with  in 
terlaminatcd  partings  of  blue,  olive,  or  brownish-red  shales  or  slatei 
I  did  not  meet  with  any  very  extraordinary  thickness  of  them. 

A  superficial  observer,  particularly  if  passing  rapidly  over  th 
ground,  might,  in  several  places,  easily  be  deceived  into  the  belie 
that  such  a  thickness  really  occurred,  ftx)m  finding  the  strata  dip 
ping  to  one  side  over  a  great  distance,  as,  for  example,  betwee 
Hachecachc  and  Tiquina,  where  the  beds  passed  over  might  for  thi 
reason  appear  to  form  part  of  an  immensely  thick  series.  As  show 
in  Section  No.  1,  these  beds  are  in  reality  contorted  and  doubled  u 
into  an  almost  innumerable  series  of  extremely  sharp,  small  folds 
and  in  this  case  I  counted  no  less  than  23  such  folds  in  the  sho] 
distance  between  Hancoamaya  and  the  commencement  of  the  Cai 
bouifcrous  scries,  owing  to  which  the  appearance  of  a  very  genen 
dip  to  the  eastward  was  presented. 

In  the  annexed  map  (PL  I,)  the  Devonian  series  is  coloured  tog^ 
thcr  with  the  Silurian  with  one  tint,  from  my  being  unable  to  dra 
so  definite  a  line  of  separation  as  is  found  in  M.  D'Orbigny's  maj 
their  mode  of  occurrence  is  so  well  illustrated  in  Sections  Nos.  1  ar 
2,  that  a  description  would  be  superfluous. 

The  strata  themselves  consist  of  white  sandy  beds  more  or  lo 
compact,  yellowish  impure  sandstones  and  grits,  and,  as  is  seen  i 
Section  No.  1,  at  Hachecachc,  quartzite-like  rocks,  showing  then 
selves  both  to  the  east  and  west  of  that  place,  and  easily  recognize 
in  section  from  their  rugged  and  shattered  appearance,  duo  to  the 
having  been  too  rigid  to  bend  along  with  the  other  beds ;  interstrt 
tified  with  these  are  blue,  olive-green,  or  reddish-brown  shales,  ar 
beds  of  blue  clay-slates. 

Sir  Roderick  Murchison,  some  years  back,  in  his  *  Siluria,'  whe 
reviewing  the  Devonian  formation  of  Bolivia  as  descijbed  by  ^ 
D'Orbigny,  expressed  himself  thus : — *'  In  the  absence  of  sufficiei 
proof,  doubts  may  be  entertained  whether  these  sandstones  an 
quartz-rocks  of  the  Andes  may  be  of  Upper  Silurian  rather  than  < 
Devonian  age;'*  and  my  own  researches  have  tended  to  make  n 
adopt  this  opinion  :  at  the  same  time,  however,  I  think  it  probabl 
that  there  is  in  Bolivia  a  true  Devonian  system  at  the  base  of  the  Cai 
bonifcrous  strata,  consisting  of  white,  yellow,  and  brown -rod  sand 
stones,  with  intercalated  shale-partings,  which  collectively  do  n< 
attain  any  vcr}^  great  thickness  nor  occupy  any  very  extensive  supei 
ficial  area*. 

*  These  beds  probably  are  of  Upper  Devonian  age.  I  hare  not  examinad  an 
part  of  the  country  which  lies  on  the  caatem  slope  of  the  main  chain  of  tk 
Andes  and  is  coloured  bj  M.  D*Orbiffny  as  Devonian.  As  will  be  seen  finom  tl 
oomparative  sections  appended  to  this  memoir  (PI.  III.),  M.  Piasis  does  noiei 
tertain  the  same  opinion,  but  in  his  section  he  represents  these  beds  as  ban 
lower  in  position  tnan  the  whole  of  the  very  thick  strata  which  I  am  now  aboc 
to  describe  as  representing  the  Silurian  epoch. 
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10.  Sthtrian  Formation, — ^The  rocks  which  I  have  grouped  together 
IS  pertaining  to  the  Silurian  epoch  show  themselves  continuously,  or 
Toy  nearly  so,  over  an  extent  from  north-west  to  south-east  of  more 
than  700  miles ;  and  the  area  occupied  by  them  cannot  be  estimated 
at  less  than  80,000  to  100,000  square  miles.  They  form  the  moun- 
tain-chain of  the  high  Andes,  rising  to  an  absolute  height  of  25,000 
feet  above  the  sea,  and,  in  the  part  of  South  America  more  parti- 
cularly the  subject  of  this  memoir,  continuous  through  Peru  from 
the  north  of  Cusco  over  the  snowy  ranges  of  Carabaya  and  ApoUo- 
bamba,  across  the  provinces  of  Munecas,  Larecaja,  lia  Paz,  Yungas, 
fiica-Sica,  Inquisivi,  Ayopaya,  Cochabamba,  Cliza,  Misque,  Chayanta, 
Tamparez,  Porco,  Tomini,  and  Cinti,  throwing  off  spurs  along  the 
eastern  side  of  the  main  chain,  right  through  the  province  of  Cau- 
polican,  down  to  the  River  Beni  in  Mojos,  into  Yuracores,  Valle 
grande,  Santa  Cruz  and  Chuquisaca,  and  to  the  east  into  the  pro- 
vinces of  Oruro,  Potosi,  and  Chichas*. 

Some  of  the  greatest  rivers  of  the  world  have  their  sources  in  this 
mountain-chain.  The  Amazon,  with  its  mighty  affluents  the  Purus, 
Hadera,  Beni,  Mamore,  Rio  Grande,  as  well  as  the  Pilcomayo  and 
other  branches  of  the  lliver  Plata,  are  fed  by  the  snows  of  this  great 
Silurian  region. 

In  this  range  also  we  meet  with  the  loftiest  mountains  of  South 

America,  second  in  height  only  to  the  Himalayas.     Thus  we  have 

fflampu  (Sorata)  24,812  feet  (25,200,  Pentland),  Illimani  24,155 

(24,200,  Pentland),   Huayna  Potosi  21,883,  Coloolo  22,374,  and 

'Dany  others,  rivalling  these  in  height,  but  the  elevation  of  whose 

I*alffl  has  never  as  yet  been  ascertained.     These  peaks  do  not,  as 

^-  D'Orbigny's  published  researches  would  lead  us  to  suppose,  con- 

^  of  mighty  cones  or  bosses  of  granite,  but  are  in  roality  composed 

^  Silurian  strata, — ^fossiliferous,  as  I  have  proved  in  the  case  of 

^flampu  (the  highest  of  them  all)  up  to  its  very  summit  t. 

The  SUurian  series  in  these  regions  present  a  physical  c^niigura- 
^on,  as  well  as  other  features,  so  unmistakeably  analogous  to  those  of 
^eir  equivalents  in  Europe,  that,  notwithstanchng  the  much  grander 
J^e  on  which  they  are  developed,  the  geologist  cannot  but  imagine 
^unself  breathing  the  air  of  Siluria,  even  before  an  examination  of 
^e  rocks  themselves  confirms  this  suspicion. 

The  extensive  development  of  clay-slate,  shales,  and  grauwackes, 
^)ong  witli  the  metallic  contents  of  tiiese  rocks,  present  mineral  cha- 

*  I  httre  Tinted,  of  ooane,  but  a  small  portion  of  this  vast  territory,  but  have 
^tailed  myself  of  all  procurable  data  and  many  specimens  of  the  rocks  of  these 
(^tovincea,  principally  firom  mining  adTenturers  and  others  who  have  explored 
^)ieK  difltricts,  firom  whom  I  have  reoeiyed  much  information  and  assistance. 

t  M.  lyOrbignir  presents  us  in  section  with  the  lofty  Tllimani  as  an  immense 
^one  of  cranite.  mien  there,  I  could  not  find  a  trace  of  this  rock ;  and  Mr. 
^lenUaiia,  who  ascended  the  side  of  Illimani  to  a  much  greater  elevation  than 
1  did,  ■ssui'M  me  that  he  met  with  only  dav-slate,  and  foimd  no  trace  of  sranite 
«r  olher  eraptiTe  rooL    Mr.  Hinrner  has  also  directed  my  attention  to  the  an- 

Boad  panan^h  in  Namnann's '  Lehibuch  der  Geognosie,'  2nd  edit  1858,  vol.  i. 

pug7:-.**0je  beiden  hoohiten  Qipfel  der  oetlichen  Andeskette  von  Bolivia, 

Dsnlioh  der  Sorata  (19,974  F.)  und  der  Illimani  (19,834  F.),  bestehen  aus  Ghrau- 

wtdMoicfaiefer,  and  sind  keine  Yulcane." 
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racters  Yory  similar  to  the  Lower  Silurian  series  in  Europe,  particu 
larly  as  we  do  not,  as  far  as  I  have  examined,  meet  with  the  linM 
stone  beds  and  calcareous  shales  generally  accompanying  the  Upp 
Silurian  series.  The  examination  made  by  Mr.  Salter  of  the  fossi 
extracted  by  me  from  these  beds  appears,  however,  to  show  that  ^ 
probably  have  the  whole  Silurian  series,  from  lower  to  upper,  fill 
represented,  notwithstanding  the  general  uniformity  in  mineral  chi 
racter  of  the  beds. 

Starting  from  the  north,  at  Tipuani,  we  find  this  auriferous  regi( 
principally  composed  of  blue  cLay-slates,  which,  from  informati< 
communicati^d  to  me,  I  believe  to  cover  a  vast  area,  extending  do^ 
to  the  River  Beni.  In  these  strata  no  fossils  have  as  yet  been  found^ 
but  they  appear  to  be  quite  continuous  with  the  beds  which  conta 
fossils  near  Sorata,  about  five  miles  south  of  which  town  I  found, 
a  small  Indian  place  called  Cotana,  on  the  oast  side  of  the  river,  i 
Orthis  (apparently  0.  Aynuira),  Strophoniena  (species  undetermined 
Annelid- tubes  well  defined,  and  small  round  bodies  of  pyrites  wi 
a  hole  in  the  centre  like  the  joint  of  an  Encrinite,  about  one-thL 
of  an  inch  in  diameter,  occurring  in  the  blue  slate f. 

Still  further  south,  on  the  north-west  sloix)  of  Illampu,  I  found 
loose  stones,  at  a  place  called  Cochipata,  traces  of  Criiziana  Undue 
(PI.  V.  figs.  7,  8),  and  a  little  further,  at  Ucumarini,  also  on  the  ee 
side  of  the  river.  Annelid-burrows  and  the  Criiziana  Oucurhita  (PL 
figs.  4-6).  The  burrows  were  of  varied  forms  and  sizes,  and  perfc 
counterparts  of  those  from  Unduan  in  Yungas,  although  this  pla 
is  situated  some  1:^0  miles  distant  on  the  other  side  of  the  Andes. 

Still  further  south  I  fixed  my  head-quarters  in  the  Hacienda 
Millepaya,  and  by  extensive  excursions  from  that  point,  and  ascei 
as  far  as  possible  up  the  steep  western  slope  of  Illampu  (or  Sora' 
as  it  is  generally  but  erroneonsly  termed  t,  from  the  town  of  tl: 
name  situated  at  its  base),  I  was  enabled  to  form  the  section  of  t 
strata  represented  in  Section  No.  1,  and  to  examine  the  beds  as 
their  fossil  contents.  The  results  of  this  examination  are  given  belo 
premising  that  above  the  shales  forming  the  uppermost  beds  repi 

*  It  requires  an  attentive  search  in  order  to  discover  fossilB  in  a  new  count 
The  small  number  of  Bolivian  fossils  at  present  known  is  not  to  be  ascribed  to 
poverty  of  the  rocks,  but  to  the  insignificant  proportion  which  the  few  iaola 
spots  hitherto  examined  bear  to  the  vast  area  of  tnis  republic :  as  far  as  T  h 
explored,  this  country  shows  evidence  of  beine  eminently  fossiUferous.  I  belu 
however,  tliat  I  have,  during  my  recent  and  uiort  travels  in  this  countrv,  brou 
home  more  fossils  than  anv  explorer  before  me,  notwithstanding  that  M.  D*Qrbi^ 
and  M.  Pissis  (who  Hved  eight  years  in  Bolivia)  had  much  better  opportui 
than  rayself. 

t  I  have  to  thank  Mr.  Salter  for  his  great  kindness  in  carefully  examining 
fossils  of  the  Silurian,  Devonian,  and  Carboniferous  series.  The  names  here  gi 
are  those  aiRxed  by  that  gentleman,  who  lias  communicated  a  paper  iUiutni 
of  the  fossils  which  I  brought  home  from  Bolivia.    See  p.  (12. 

X  The  mountain  itself  is  called  in  Bolivia  by  the  original  name  of  lUamiKi 
the  foot  of  which,  to  the  north,  the  town  of  Sorata  is  situated ;  and  the  mu. 
range  above  this  town  being  frequently  called  tiie ''  Nevadoe  de  Sorata  "  has  lei 
the  mountain  Illampu  (the  highest  peak  of  this  range)  being  called,  more  pa 
cularly  by  English  writers,  Sorata. 
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Rented  in  this  section  are  several  beds  of  a  quartzitic  sandstone, 
which  again  are  followed  bj  the  strata  coloured  as  Devonian.  The 
beds  enumerated  in  the  annexed  table  are  numbered  from  W.  to  E., 
« in  descending  order,  commencing  with  the  highest : — 


1.  Thick  blue  day-shales    No  fossils  found. 

(  Annelid-burrows, 

2.  Brown  micaceous  slates.  Strike  N.d'^W. 

DipSO^W 


some  globular 
bodies,  and  a  fossil  supposed  by 
Mr.  Salter  to  be  a  Crusiana ; 
also  a  curious  Pafelia  or  Pile- 


\^       vutno. 

Blue,  hard,  and  slightly  micaceous  beds     Orthis  Aymara. 

Less  laminated  micaceous  beds ^ 

Blue  claj-shales  

Blackish-blue  shattered  clay-shales   . . . 
Thin  bed,  about  6  inches  of  slightly 

calcareous  shales  

Shattered  blue  shales  of  great  thickness 
Thin  blue  slates  at  Hacienda  de  Mille- 

paya,  much  jointed  ) 


No  fossils  found. 


10.  Slightly  micaceous  blue  beds  . 


11.  Siliceous   erauwacke  sandstone 

about  100  feet  thick 

12.  Thin  shales  

13.  Grauwacke,  thin  bed,  sandy   

14.  Thin  shales  

15.  Grauwacke   

16.  Thin  shales  

17.  Grauwacke   

18.  Thin  shales  , 

19.  Grauwacke   

20.  Clay-slate,  dirty-blue  colour  

21.  Thin-bedded  micaceous  clay-slate 

22.  Bluish  slates 

Thinmuwacke  

Clay-date 

Thick  grauwacke-slates   


beds, 


Orthis  with  fine  stri:c.  Orfhis 
Aymara^  Cruziana  CitcurbUa^  Axi- 
nelid-burrowi,  and  several  indi- 
stinct bodies. 


*No  fossils  found. 


24. 
25. 

2S.  Bather  luu^,  greyish-blue,  sandy  shales 

27.  Clay-sUtes    

28.  Grauwacke-slates 

29.  Hsdrdened  clay-slates  

30.  WhitiBhgreY»hArd  grauwacke-slates,  or 

sandy  shales 

31.  Grauwacke  bed 

32.  Micsaoeous  clay-slates 


33.  Blue  siliceous  clay-slate,  or  more  or  less 
sandy  shale;  weathering  white  on  the 
surfeoe  


34.  Hard,  white,  altered  clay-slates,  cut 
through  by  metallic  veins 


AnneUd-burrows. 


No  fossils  found. 


r  Orthis  Atpnara,    Wonn-burows, 
Cfenodonta  {NuctUu). 


'  No  fossils  found. 

Homalonofus  (new  species). 

No  fossil  found. 
Annelid-burrows. 

'  Orthis  Ayjnara,  Phacops,  Prof- 
tus,  CucuUeUa,  Cfenodonta  {Nf(- 
nUa\  Area  Broumii,  Bellero-phon „ 
Tentaculites  8aienzii^  Raphisto- 
ma?,  Homalonotus  Linares,  An- 
nelids, and  several  oUier  fossils, 
indistinct.  This  bed  seemed  to 
abound  in  the  above-mentioned 

^fossils. 

No  fossils  found. 
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f  TerUacuUtes  suprtmus  anda  Cup- 
ooral ;  also  sereral  indistinct  foaiu, 
amongst  which  many  bodies  about 
3  to  4  inches  long,  looking  like 

^  Orthoctratites. 

Homalonotus  Linares^  Tenia- 
culites  supremuSf  Ctenodonta^  and 
aCup-ooral. 
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35.  Similar  slates;  still  more  alterud 


36.  Similar  strata,  wliitish  brown  or  pur* 
plish  


This  bed  is  the  lowest  in  position  of  the  strata  here  examined ;  and, 
being  tilted  up  us  shown  in  Section  No.  1,  it  forms  the  siunmit  or 
knife-like  ridge  of  this  mountain  which  separates  the  barren  alpine 
plains  of  the  Puno,  on  the  west,  from  the  verdant  tropical  r^ons  of 
the  Yungas,  to  the  eastward.  On  a  clear  day  the  line  of  bedding  of 
the  last-mentioned  strata  can  easily  be  followed  by  the  eye,  up  to  the 
very  highest  point  of  the  ridge  itself,  the  steep  and  highly  inclined 
sides  of  which  prevent  the  perpetual  snow  crowning  its  top  from 
showing  itself  as  a  continuous  envelope,  and  only  allowing  it  to 
lodge  itself  in  the  hollows,  crevices,  and  of&ets  formed  by  the  strata, 
which,  as  it  were,  prop  up  its  summit. 

The  section  across  these  beds  shows  also  that  the  valley  of  Millepaya. 
is  merely  due  to  erosion,  and  not  to  a  fault  or  break  in  the  stradfi- 
cation  as  its  peculiar  configuration  might  lead  us  at  first  to  suspect^ 
it  becomes  gradually  nan-ower  as  it  ascends,  and  loses  itself  as  a 
ravine  in  the  wosteru  slope  of  lUampu.  The  following  observationa 
of  strike  and  dip  were  taken : — Bed  No.  2 ;  Brown  micaceous  slates^ 
N.5°\V.,dip  50^W.  Bed  No.34 :  Hard, white,  altered  slates,  N.25°W., 
dip  32°  \V.  Bed  No.  35:  Hardened  brownish-white  clay-slate^ 
N.  10°  E.,  dip  35°  W.  Other  observations  gave  the  same  strike  5 
but  the  dip  was  found  respectively  to  be  25°,  30°,  38°,  42°  W. ;  an  J 
still  higher  up  in  this  bed  the  observed  strike  was  N.  10°  E.,  and  the* 
dip  40°  W. 

In  these  slates  abundant  furrows  and  deep  grooves  were  observed^ 
sometimes  very  deep,  and  running  from  N.  80°  E.  to  £.  &  W. ;  alsop 
veins  of  spathic  iron-ore,  arsenical  pyrites,  and  auriferous  pyrites  j 
veins  of  mispickel  or  sulpharsenide  of  iron  were  found  running; 
N.  50°  E.  to  N.  60°  E.,  and  dipping  to  S.E.  at  an  angle  of  75°,  cutting 
through  and  altering  the  strata. 

On  the  sides  of  this  mountain  are  also  found  veins  of  argentiferous 
galena,  gold-bearing  quartz,  and  metallic  bismuth,  the  latter  some- 
times in  large  masses,  occasionally  faced,  or  incrusted  on  the  sides^ 
wiih  metallic  gold,  sometimes  in  crystals.  Iron-ore  is  also  abundant** 

About  ten  miles  to  the  south  of  Millepaya,  on  the  west  slope  of 
lUampu,  at  Capara,  I  found,  in  the  loose  blocks  of  soft  blue  slate  there^ 
Orikia  Aymara,  a  trilobite  (probably  Homalonotus),  a  Cup-coral,  and 
abundant  Annelid-burrows,  also  a  Trilobite  (possibly  a  Calymene) 
in  hard  grauwacke. 

Still  farther  to  the  south,  at  Umapozo,  I  found  Ctenodonta  {Nucula), 


*  I  was  informed  by  M.  Villamil  of  a  rooent  diBooTery  of  anthradto-bedB  in 
theM  strata ;  but,  as  y^  I  haye  not  reoeiYed  any  satisfactory  oonfirmatioii  of  the 
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Ortkis  Aymara,  Orthis  (PL  IV.  fig.  15),  and  Cucullelln,  all  in  sandy 
«hale,  and  in  a  soft  blue  day-slate,  apparently  the  equivalent  of  the 
nppermost  beds  of  the  Millepaya  section,  the  Beyrichia  Forhesii,  asso- 
ciated with  an  abundant  small  species  of  Tentucvlites,  vfhxch.  appears 
to  me  to  be  quite  different  from  the  TentcuMlites  supremus  and  T, 
Saunzii  of  the  lower  beds,  both  of  which  attain  a  length  of  occasion- 
ally more  than  2  inches,  whereas  this  small  species  never  appeared 
to  exceed  one  quarter  of  an  inch. 

Between  this  last-mentioned  place  fmd  La  Paz,  I  have  not  exa- 
mined the  beds  for  fossils,  and  only  accidentally  met  with  some  An- 
nelid-tubes in  blue  slate,  about  thirty  miles  north  of  that  city :  the 
position  of  these  is  uncertain. 

From  La  Paz,  to  the  eastward,  as  far  as  a  short  way  below  Unduan, 
in  the  Yungaji,  I  was  enabled  to  make  the  section  across  the  Silu- 
rian strata  between  these  places,  as  shown  in  Section  No  2.  This 
appears  to  cut  through  the  whole  of  this  formation,  from  the  upper 
beds,  which  before  were  met  with  at  Millepaya,  down  to  the  Lower 
Silurian  slates  with  Bilobites,  a  thickness  of  probably  about  15,000 
feet. 

Starting  to  the  eastward  from  La  Paz,  and  crossing  the  great 

diluvial  formation,  with  its  imbedded  stratum  of  trachytic  tuff,  which 

in  the  section  is  seen  to  be  disturbed  and  dislocated  by  several  faults, 

we  come  upon  the  first  appearance  of  solid  rock  some  miles  to  the  east 

of  ChuquiaguiUo,  and  find  it  to  consist  of  crumbly  and  much  wea- 

tliered  clay-slate,  apparently  of  considerable  thickness,  and  resting 

ttpon  greyish  impure   sandstone,  which  at  the  river  of  Taxani  Ls 

succeeded  by  an  dtemating  series  of  shales,  slates,  and  grauwackes 

or  arenaceous  beds,  the  lowest  of  these  being  a  blue  clay-slate  of 

considerable  thickness*,  in  which  an  anticlinal  is  seen,  bringing  the 

former  beds  again  into  sight.     I  noticed  before  coming  to  La  Lancha 

the  occurrence  of  frequent  frictional  striue  and  grooves  or  furrows, 

Ae  bearings  of  several  of  which  I  found  to  vary  from  N.N.W.  to 

^'  and  S.,  and  to  N.N.E.     At  La  Lancha  these  slates  again  form 

wianticUnal,  which  from  the  precipitous  sides  of  this  immense  ravine 

could  be  accurately  delineated ;  further  up,  the  clay-slates  are  very 

niuch  contorted  in  the  line  of  bedding ;  but  towards  the  siunmit 

f^ey  become  nearly  horizontal,  or  rather  slightly  basin-shaped ;  and 

^^  descending,  w6  have  the  dip  always  to  the  eastward  imtil  we  come 

^ery  dose  to  Unduavi.     To  the  west  of  the  summit  I  did  not  find  any 

fosilg ;  but  shortly  after  commencing  the  descent,  the  sandy  shales 

''ene  full  of  Annelid-tracks,  in  such  abundance  that  rarely  was  a  slab 

'oiind  that  was  not  more  or  less  covered  with  these  burrows  and 

'^Idngs.     At  the  Mina  £mma,  a  vein  of  argentiferous  galena, 

?!**Uiing  from  20°  to  35°  E.  of  N.,  and  with  varied  but  nearly  vertical 

pp,  is  being  worked ;  and  there  I  noticed  abundant  elongated  round 

.^^dies  in  the  slate,  which  from  their  configuration,  and  fit)m  having 

^Variably  a  hollow  tube  in  the  centre,  appeared  like  Orihoceratites : 

^^  were  composed  chiefly  of  carbonate  of  iron. 

^^  On  tiie  top  of  these  highly  inclined  strata  is  seen  a  small  patch  of  diluvial 
^^^^^omqnite,  apparently  a  remnant  of  the  formation  further  to  the  west. 
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The  rocks  from  this  mine  to  Pongo,  and  from  that  place  down 
Unduavi,  consist  entirely  of  more  or  less  arenaceous  shales,  thu 
bedded  and  containing  frequently  indistinct  traces  of  fossil  foni 
As  seen  in  the  section,  these  slates  are  dislocated  by  three  faults,  whi) 
faults  arc  filled  with  metallic  matter,  and  form  the  veins  on  which  a 
worked  the  mines  **  Delphina,"  "  Mercedes  "  (60°  N.E.  strike,  H5P . 
dip),  and  "  Pilar,"  producing  argentiferous  galena  more  or  less  ai 
timonial,  for  the  supply  of  the  furnaces  at  San  Felipe. 

In  M.  D'Orbigny's  map,  .the  greater  part  of  these  slates  a 
coloured  as  granite ;  and,  according  to  him,  Pongo  is  situated  in  ti 
midst  of  the  granite,  which  in  his  map  here  forms  a  broad  ban 
constituting  the  centre  of  this  range  of  the  Andes.  As  seen  in  t] 
section,  no  trace  of  granite  visible  to  me  occurs  here ;  and,  in  fact,  i 
granite  whatever  is  crossed  in  the  direct  line  of  section  from  La  P 
to  as  far  east  of  Unduavi  as  I  examined.  The  small  outburst 
granite  seen  at  Silla  Tuncari  does  not  occur  in  this  line ;  and  I  ha* 
puri)osely  deviated  the  section  from  the  direct  line  in  order  to  sho 
it.  Granite  is  also  met  with  in  the  Nevado  of  Chucura,  at  Yoja,  ai 
at  Takesi  (to  the  south  of  this  section) ;  but  it  does  not  form  tl 
continuous  band  seen  on  M.  D'Orbigny's  map,  which  appears 
this,  as  in  many  other  instances,  to  have  been  colour^  fro 
imagination*. 

The  granite  of  this  chain  of  the  Andes  shows  itself  at  vario 
localities,  apparently  isolated  one  from  anothert,  and  appears  to  ' 
of  the  same  age  as  the  auriferous  granites  of  the  rest  of  the  worl 
with  which  it  is  identical  in  mineralogical  and  chemical  compositLo 
being  composed  of  white  orthoclase,  colourless  quartz,  and  black 
white  mica,  and  containing  frequently  spots  of  iron-pyrites,  whi' 
sometimes,  as  at  Silla  Tuncari,  stains  the  granite  of  a  brown  oolo 
from  oxidation.  The  gold  in  this  is  found  in  the  quartz,  or  oloi 
with  the  pyrites ;  and  it  would  occasionally,  at  least,  appear  th 
this  rock  is  more  auriferous  in  proportion  as  it  contains  more  pyriti 
As  the  whole  of  this  Silurian  formation  is  eminently  auriferoas,  ai 
contains  everywhere  frequent  veins  of  auriferous  quartz,  usaal 
associated  also  with  iron -pyrites,  a  study  of  the  occurrence  of  the 
gold- veins  leads  me  to  attribute  all  such  veins  to  the  proximity 
granite,  and  to  regard  the  veins  of  quartz,  iron-pyrites,  &c.  as  havii 
l)cen  directly  injected  from  the  mass  of  granite  itself.  We  kno 
that,  during  the  cooling  and  solidification  of  granite,  the  qnai 

*  In  tlio  map  wliich  aocompanics  this  memoir  (PI.  I.)  the  granite  is  n 
Bcparat«ly  coloured,  on  account  of  its  forminjz  here  a  subordinate  part  of  tl 
Silurian  district.  It  being  difficult  to  ^t  detaUs  into  so  small  a  scale,  the  Der 
nian  and  Silurian,  along  with  tho  granite  rocks  which  disturb  them,  are  ooloun 
with  one  tint.  I  must  also  confess  that,  without  more  data,  it  would  be  a 
eible  to  do  otherwise  without  falling  into  errors  similar  to  those  of  1 


t  I  must  observe  that  I  am  not  alluding  to  the  great  granitic  ranfie  whk 
occurs,  according  to  M.  Pissis,  still  further  to  the  east,  near  CkHroica  1,  unib 
tunatdy,  was  unable  to  pursue  my  section  further,  from  the  rainv  season  baviz 
rendOTed  the  rivers  impassable :  an  attempt  to  ford  the  river  below  Undoa' 
liaving  resulted  in  the  loss  of  two  animals  with  all  the  baggage,  made  it  nun 
prudent  to  retrace  my  steps,  however  unwillingly,  to  La  Pai. 
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present  in  some  is  the  last  mineral  clement  to  crystallize  and  become 
solid ;  it  seems  probable  that,  during  this  cooling,  the  consequent 
expansion  duo  to  the  crystallization  of  the  constituents  has  forced 
thoee  components  (quartz,  along  with  iron-pyrites,  gold,  &o.,  which 
latter,  from  their  very  low  ftisibility,  would  remain  longest  of  all  in 
a  fluid  state),  still  fluid,  into  the  fissures  of  the  neighbouring  rocks, 
and  80  formed  such  auriferous  quartz- veins,  which  observation  shows 
are  only  developed  in  the  slate-rocks  at  no  very  great  distance  from 
granitic  eruptions,  either  visible  or  such  as,  though  hidden,  may 
rcaaonably  be  inferred  to  exist.  This  granite  is  the  same  which 
is  everywhere  met  with  in  the  diluvium  of  the  eastern  plateau,  as 
large  blocks,  frequently  used  as  a  building-material  where  solidity  is 
required*. 

Although  we  do  not  meet  with  any  actual  granite  on  the  direct 
line  of  section  without  diverging  (as  I  have  done  in  order  to  show  the 
granitic  outburst  of  the  Silla  Timcari),  we  find,  a  little  to  the  west  of 
Cnduavi,  these  beds  broken  through  by  a  fault,  probably  due  to  this 
eruption.  The  granite  has  also  caused  an  anticlinal  in  the  strata, 
which  hitherto,  from  the  summit  of  the  pass,  had  constantly  dipped 
to  the  east,  but  now  become  inclined  to  the  westward,  and  continue 
so  to  San  Felipe,  near  which  place,  however,  after  presenting  some 
contortions  in  their  bedding,  they  again  resume  their  western  dip, 
having  at  the  Angostura,  below  San  Felipe,  a  strike  of  about  N.  30° 
E.,  with  50°  westwardly  dip. 

At  San  Felipe  the  hard  sandy  shales,  of  a  blue  colour  and  slightly 
micaceous,  contained  frequent  Annelid-tracks  and  -burrows,  and  a 
great  number  of  small  nail-shaped  bodies  like  the  spines  of  an  Echlnits, 
*lfio  others  horn-shaped,  with  concentric  rings,  both  of  which  Mr. 
Salter  attributes  to  Aiinelids.     Along  with  these  were  frequent  spe- 
Qinensof  the  Cruzlana  Unduavl  (PLY. fig.  7) ;  and  I  also  noticed  several 
specimens  of  the  BoUviana  bipennis  (fig.  11).    Traces  of  other  fossils 
^re  everywhere  frequent,  but  too  indistinct  to  permit  determination. 
About  half  a  mile  further  down  the  valley.  Annelid-tracks  were 
^ound  in  abundance  in  the  hard  blue  siliceous  slate,  as  well  as  im- 
prints of  Cruziana.     About  one  mile  further  down,  the  thin-bedded 
^dy  and  highly-indurated  rocks  were  literally  covered  in  all 
<]irections  with  AjuieUd-tracks  and  -burrows,  the  same  nail-headed 
bodies  previously  described,  and  a  variety  of  other  and  peculiar 
Jnarkings.   I  also  found  some  indistinct  specimens  of  BoUviana  Meto- 
tactus  and  Cruziana  Cucurbita,  and  several  better  ones  of  Cruziana 
Unduavi,  which  last  were  found  a  little  lower  down  the  valley. 
Bipple-marks  ore  everywhere  visible  in  these  beds. 

hi  another  valley,  called  the  ''  Quebrada  de  Aceromarka,"  situated 
a  little  to  the  soutii  of  Unduavi,  in  similar  beds,  specimens  of  the 
shapeless  Cruziana  Cucurbita  were  found  in  abundance,  in  company 
with  Hie  BoUviana  Melocactus,  and  a  single  specimen  of  the  BoUviana 

*  The  odrinthian  colunmB  of  the  new  cathedral  at  La  Paz  are  hewn  out  of 
tfab  granite,  and  are  meet  creditable  to  the  architect,  especially  when  it  is  con- 
ndered  thai  the  catting  of  this  hard  material  has  been  entirely  executed  by  the 
Aynuurm  Indiaiis  of  the  district 
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wliicli,  l>y  inrasun'iiK'iil.  is  (idoil  i'ect  ubnvc  the 
sti'ata  in  thr  <-ciitn' of  this  mountain  arc  nearly! 
ncs^  ot'  stiata  in  that  place  cannot  dillci'  much  tVc 
the'  mounUiin  ubuvo  the  level  of  the  valley  ;  and  : 
add  4000  feet  for  the  strata  \i8iblc  both  above  an 
The  Silurian  strata  have  been  disturbed  by  th 
outbreaks,  in  succession.     Commencing  with  the 

1.  Intrusion  of  the  auriferous  granite,  along 

auriferous,  and  probably  other  metallic 
has  metamorphosed  very  considerable  a: 
beds. 

2.  The  porphyritic  eruptions  "of  Hillabaya,  P 

3.  Protrusion  of  the  metalliferous  diorites. 

4.  Still  later  trappean  dykes,  which,  I  am 

several  localities ;  but  I  have  not  perse 
them  in  Bolivia. 

5.  Volcanic  eruptions  near  the  Lake  of  Titic 

out  at  the  borders  of  this  formation,  bt 
I  am  aware,  do  not  anywhere  disturb  t 
the  Silurian  Andes  of  Bolivia.  On  inqi 
this  district  was  exempt  from  the  earthqi 
prevalent  and  destructive  both  in  this 
Republics. 

The  metallic  veins  t  which  occur  in  these  Silur 
the  following  minerals : — 

Metallic  Gold.  Fluor-spar. 

„        Silver.  Selenide  of  I 

Bitmuth.  -"^ 
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Iron-pjrites.  Fahlerz. 

Copper-pyrites.  SiWer-fahlerz. 

Tin-pyntes  Zinc-fahlerz. 

Sulpliuret  of  Copper  and  Bismuth  ?  Wolfram. 

Jamesonite.  Calc-spar. 

Plaffionite.  Carbonate  of  Iron. 
Zinkenite.  „        of  Lead. 

Lonchidite.  Sulphate  of  Lead. 

Miapickel.  Phosphate  of  Lead. 

„        (niokeliferous).  Arseniophosphate  of  Lead. 
Danaite. 

The  above  enumeration  is  doubtless  far  from  complete ;  but  it  is 
tite  sufficient  to  show  at  a  glance  how  strikingly  the  mineralogy  of 
eee  older  strata  differs  in  its  general  features  fit)m  that  of  the  more 
cent  rocks  before  described. 

I  may  here  notice  some  rocks  which  occur  on  the  immediate  line 
'  the  Bolivian  coast,  and  which,  for  the  present  at  least,  I  class  along 
ith.  the  other  metamorphic  Silurian  strata  of  this  part  of  the  world, 
^t;  from  being  able  to  prove  with  certainty  that  they  are  of  Silurian 
r^,  but  because,  from  their  position  and  their  relations  to  the 
5^er  formations  in  contact  with  them,  they  appear  to  bo  only  a 
►xitinuation  of  the  beds  which  in  Chile  form  the  Silurian  series  of 
^«  coast. 

They  are  so  very  much  altered  by  the  effects  of  the  eruptions  of 
f^te,  porphyry,  and  diorite,  which  here  break  them  up,  that  even 
i«ir  sedimentary  nature  can  hardly  be  recognized  except  at  some 
'^  localities. 

3*0  the  south,  in  the  Desert  of  Atacama,  they  appear  as  gnoissic  or 
^tamorphic  schistose  rocks,  broken  through  in  all  directions  by 
"^Uitic  outbursts,  the  granite  itself  being  precisely  identical  in 
^rnal  appearance  and  mineralogical  composition  with  the  pre- 
'^Usly  described  auriferous  granite  of  Silurian  ago  in  the  Eastern 
^4es.  It  is  composed  at  Mexillones,  for  example,  of  white  ortho- 
^^,  colourless  quartz,  and  dark  mica.  Further  southward  the 
^ds  arising  from  the  disintegration  of  this  granite  have  been  proved 
V>e  auriferous. 

-A.t  Cobija,  the  black  rock  which  forms  the  rugged  low  cliffs  and 
Cached  rocks  in  the  sea  and  along  the  shore  appears  also  to  belong 
this  series,  although  in  appearance  it  frequently  resembles  a  com- 
mit trappean  rock  or  a  black  porphyry.  On  closer  examination,  I 
1  disposed  to  consider  it  as  a  clay-slate  or  other  argillaceous  or 
Icareo-argQlaceous  rock,  fased  in  situ  by  the  action  of  the  masses 
porphyry  or  diorite  resting  immediately  upon  it,  or  of  the  granite 
tuch  has  upheaved  and  broken  it  up,  and  which,  although  not 
lelf  visible  at  the  Port  of  Cobija,  is  seen  a  little  further  to  the 
ath.  This  rock  varies  in  colour  from  a  bluish-grey  to  grey  or 
oish-black,  and,  like  all  altered  rocks  of  this  class,  contains 
een  epidote  frequently  disseminated  in  it,  or  forming  imbedded 
)odeB :  geodes  of  quartz  or  calcedony  also  occur ;  and  when  the 
idL  appeaiB  to  have  been  completely  fused  I  have  noticed  some  dark- 
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grey  felR])ar-like  mineral  iii  it;  in  textoro  it  then  much  resem- 
bles a  basaltic  or  trappoan  rock.  It  is  extremely  hard  and  tough, 
and  is  cracked,  fissured,  and  jointed  in  all  directions.  Occasionidly 
one  set  of  joints  presents  pretty  regolar  and  parallel  lines  of  fincture. 
Many  smdl  strings  of  copper-ores  (solphurets,  carbonates,  and  oxy- 
chlorides)  are  seen  cutting  through  them,  with  various  bearings,  from 
N.E.  to  E.  and  W.,  dipping  at  very  high  angles. 

Conchision, — In  conclusion,  I  must  direct  attention  to  the  tliree 
comparative  sections  of  the  country  from  Arica  on  the  Pacific  to  the 
Tungas  on  the  eastern  side  of  the  High  Andes  of  BoUvia  (Plate  III.). 
Although  this  plate  is,  of  course,  to  be  regarded  only  as  a  diagram,  it 
represents  correctly  a  summary  of  the  condosions  at  which  IC.  D'Or- 
bigny*,  M.  Pissisf,  and  myself  have  arrived  in  traversiiig  the  same 
line  of  country. 

On  examination,  it  will  be  observed  that  great  and  unaccountable 
differences  are  here  depicted  ;  and  it  must  be  left  to  the  reader  to 
judge,  from  the  perusal  of  the  different  memoirs  of  the  three  authors, 
how  far  each  of  them  may  bo  sound  in  his  views. 

This  plate  does  not  require  any  farther  explanation  than  the 
remarks  which  have  been  occasionally  made  under  the  heads  of  the 
different  formations ;  but  it  is  particohirly  important  as  showing  at  a 
glance  these  several  discrepancies,  and  in  its  bearings  on  the  general 
tenor  of  the  results  here  brought  fon\*ard.  Subsequently  it  will  be 
re(]uired  for  reference  in  the  second  and  third  parts  of  the  memoir  of 
which  this  communication  is  the  first  part,  and  which  will  treat  of 
the  Geology  of  Cliile  and  the  Argentine  Provinces ;  it  will  then  bo 
found  most  essential  in  explaining  and  reconciling  tiie  various  state- 
ments which  have  been  made  in  refeit)nce  to  the  geology  pf  thcs« 
countries. 


1\  On  the  Fossils, /rom  the  High  Ajtoes,  collected  by  David  FoRBRti, 
Esq.,  F.R.S.,  F.G.S.     By  J.  W.  Salter,  Esq,,  F.G.S. 

[Plates  IV.  &  V.] 

I  HAVE  examined  this  unique  scries  with  some  care ;  and  with  a  col- 
lection of  above  200  specimens  there  should  be  no  onosaal  difilculty 
in  assigning  the  true  geological  date.  The  specimens  are  genendly 
peri'ect  enough  to  show  the  generic  characters,  though  in  very  few 
cases  is  their  preservation  complete ;  and  it  is  thought  better  at  pre- 
sent (especially  as  Mr.  Forbes  intends  returning  -over  this  diffloult 
ground)  to  figure  all  the  chief  forms,  and  give  specific  characten 
only  to  the  more  prominent  fossils.  All  the  spedmens  from  the 
slate-rocks  are  distinct  from  those  previously  published. 

*  Vovage  dans  TAin^rique  MMdionale,  tome  iii,  Partie  QMogle.  Fw  M. 
Alcide  i'Orbigny.    Paris,  1842. 

t  **  Bechcrches  Bur  k«  SystAnies  de  SouliTement  do  I'Amlriqiie  dn  Bad."  Pv 
M.  Pissis.    Annalcs  den  Mines,  0*'  sAr.  tome  ix.  1856. 


^>uait  jrrd.ni.  '.jf^l.  Soc.  VoJ-.X'/II.  Fi:  L 


'ARGpXTINi:  gBOTIKCEtS 


GEOLOGICAL  SKETCH  41AP 

^f  part  of 

BOLIVIA  AND  PERF 


l%.',/f^i,^  ^ ]  [>iuTl^  ^^  ^^V"^- 


iWlcvik 


2^ 


^f  ■lJ«*t  b.^ 


n 


v1 


/ 


0.]  SALTER — BOLIYIAW  FOSSILS.  63 

tf  the  Carboniferous  forms  little  need  be  said.  They  axe  the  same 
hose  described  long  ago  in  D'Orbigny's  large  work ;  and  similar 
imens  were  brought  home  by  Mr.  J.  Gumming  during  his  ex- 
ations  for  recent  shells  in  Bolivia.  The  resemblance  to  British 
Is  of  this  epoch  is  most  striking,  and  some  of  the  species  are 
tical. 

lie  Devonian  gives  us  very  scanty  traces,  yet  scarcely  doubtful. 
UTJng,  as  it  does,  between  the  Carboniferous  basin  and  the  slate- 
iy  it  falls  naturally  into  the  place  indicated  by  the  few  fossils 
'Ti  to  us.  Mr.  Pentland  brought  home  from  Aygatchi,  in  Bolivia, 
Jobite  from  this  formation. 

le  age  of  the  slate-rocks,  however,  was  for  a  long  time  doubt- 
and  the  aspect  of  Mr.  Forbes^s  collection  is  so  unlike  that  of 
British  or  American  type,  that,  while  their  discoverer  was 
^ly  urging  their  Silurian  age,  my  own  prejudice  gave  them 
^er  Devonian  character.  The  large  Homalonoti  (the  only  con- 
yuB  Trilobites)  are,  on  the  whole,  more  like  Devonian  forms 
Silurian ;  and  the  shells  are  of  just  such  types  as  might  bo 
ed  to  either  of  those  systems.  The  Tentaculites  would  bear  the 
interpretation ;  but  a  small  Beyrichia,  very  rare,  occurs  just  at 
»p  of  the  whole  series,  and  this  particular  form  of  the  genus  is 
nown  in  Europe  to  trespass  beyond  the  Uppermost  Silurian 

or  the  basement-beds  of  the  Devonian  at  ftirthest.  Again, 
iUobit^s  (whatever  these  obscure  fossils  may  be)  are  sdl  of 
an  age,  and  they  are  numerous  in  Mr.  Forbes's  collection. 

have  generally  been  regarded  as  Lower  Silurian  forms,  and 
odeed,  far  more  plentiful  below  the  Caradoc  rocks  than  else- 
).  But  too  much  stress  must  not  be  laid  on  this ;  for  one  cha- 
istic  species  occurs  in  the  Llandovery  or  Clinton  group  of  New 
;  moreover,  all  the  specimens  from  the  Andes,  whether  the 
ones  described  by  D'Orbigny,  or  the  smaller  ones  now  brought 
,  are  of  species  distinct  from  those  known  in  other  districts, 
lot  believe  them  to  be  plants,  but  have  no  definite  idea  of  their 
jtrocture,  farther  than  that  they  were  tough  hollow  crusts,  not 
oUd  masses  as  sea-weeds  generally  are. 

e  other  remark  before  proceeding  to  notice  the  separate  species. 
«ver  we  meet  with  new  areas  of  Silurian  rocks,  we  find  we  have 
jm  new  Natural-history  provinces  of  these  old  seas :  it  is  so  in 
,  according  to  Colonel  Strachey's  researches ;  and  it  is  so  in  Au- 
i :  no  species  fr^m  either  region  is,  I  believe,  identical  with  those 
rope.  The  same  cannot  be  said  of  the  Devonian  fossils,  which 
d  very  widely  during  the  later  part  of  that  epoch ;  and  the 
•niferous  types  are  almost  cosmopolitan,  many  of  the  same 
I  ranging  from  the  North  Pole  to  Australia,  and  from  North 
iea  and  the  Andes  to  Nepaul.  It  is,  I  think,  chiefly  due  to 
arcomstance  that  we  have  been  accustomed  to  regard  the 
aoic  types  as  having  an  almost  universal  dif^ion.  This  is 
r  true  as  regards  the  genera,  but,  except  in  the  remarkable 
it  tho  Mountain-limestone  fossils,  without  much  evidence  in 
Be  of  species. 
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From  the  small  basin  of  these  rocks  at  the  Isthmus  of  Copacabarui. 
in  the  Lake  of  Titicaca,  the  following  species  were  obtained: — 

Producius  senureticulatuSyMarthi.  (P. /iwcf,  D'Orb.)  PI.  IV.  fig.  1. 

Longigpvia,  Sow.     (P.  Capadi,  D'Orb.)     PI.  IV.  fig.  2. 

Splrifer  Condar,  D'Orb.     {Sp.  striattu,  Sow.  ?) 

Bolivlensis,  D'Orb. 

Orfhis  resupmata,  Sow.  ? 

Andliy  D'Orb.  (from  a  Santa  Cruz  specimen).     PI.  IV.  fig.  3. 

Athyrls  suhtilita,  Hall.     {Ter.  Pemviana,  D'Orb.)    PI.  IV.  fig.  4- 

Rhynchonella  (a  species  with  three  raised  ribs,  very  like  some  va- 
rieties of  R,  Pleurodon ;  also  from  a  good  Santa  Cruz  specimens- 
PL  IV.  fig.  5. 

Euomphalus,  with  separated  whorls  (possibly  a  Phanerotinm). 

Bellerophon,  sp.  ;  a  close  ally  of  B.  Urii,  Flem.     PI.  IV.  fig.  6. 

Corals,  also,  and  Crinoids,  all  imperfect.    D'Oilbigny  describes  & 
Favosites  and  a  Cup-coral,  a  Fenestella,  &c. ;  and  Col.  Lloyd's  col— 
lection  from  Arque,  as  well  as  Mr.  Cumming's  firom  Santa  Cruz,  botb- 
include  such  specimens.     I  see  no  essential  difTorence  between  the 
Prodwtm  semiretiruJatus,  so  common  in  Britain,  and  the  so-called 
P.  Inca  of  D'Orbigny ;  and  I  think  it  would  puzzle  any  one  to  dra^ir 
a  clear  distinction  between  his  P.  Capacii  and  our  own  fnTniliff'*' 
P.  Ijonf/hpina,  found  evcr}^ where  in  the  Carboniferous  limestone- 
The  Splrifer  Condor  has  certainly  rougher  ribs  than  the  ordinary^ 
varieties  of  Splrifer  sfriatus,  and  may  be  distinct.   We  figure  (PI.  iV^  - 
fig.  3)  one  remarkable  form,  said  to  be  from  Santa  Cruz,  but,  at  aU 
events,  from  the  Carboniferous  Limestone  of  the  Andes,  of  which  Ie«*» 
perfect  specimens  occur  in  Mr.  Forbes's  collection.     It  is  a  beau— 
tifiil  sj)ecies  of  the  Orihis  resupinata  group,  and  has  received  tli^ 
alwurd  name  of  0.  AmUi  from  D'Orbigny. 

Our  figure  of  the  RhjnchmieUu  (PI.  IV.  fig.  5)  is  also  from  MtdB 
collection,  which  was  sent  home  by  Col.  Lloyd  many  years  back. 

DEVONIAN*. 

Orthis,  sp.     PL  IV.  fig.  7. 

Internal  casts  only.  It  belongs  to  the  group  of  Orthis  rtsupinait 
and  0.  Mich^Vmi,  and  thus  may  be  either  Carboniferous  or  DeTonian. 

Locality,  Oruro.  Sent  from  thence  by  Col.  Uoyd,  (Mus.  Pnc- ' 
tical  Geology.) 

*  Of  the  seven  sjiecies  considered  Devonian  bj  D'Orbigny,  only  four  W" 
to  be  ccrfttivlj/  supra-Silurian ;  and  these  four  may  (from  their  type)  be  flulMf 
Devonian  or  CarbK)nifcrouB.  They  are — Bhi/nckoneua  Peruviana^  SpirifkrB^ 
tiW{M>,  S.  Quichua,  and  Orfhi*  Inca,  Spirtfer  Quickua  is  from  Ghnqnineti  Ai 
other  three  from  Cochabamba. 

The  Orthis  pfctinafa,  on  which  D*Orbignv  lays  abma.  fleema  to  me  to  be  1M7 
unsatisfactory.  It  is  only  the  cast  of  a  ringle  valve,  without  hinge  or  tesdi,  of  e 
shell  destitute  of  anv  marked  characteristics.  I  should  not  like  to  qwonliiv'* 
to  its  age :  but  M.  j5*0rbigny  may  have  seen  Deronian  spedea  like  it 
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Phacops  latifroxs,  Bronn.     (P,  Bufo,  Green.)    PI.  IV.  fig.  8. 

In  all  essential  particulars  this  agrees  with  the  common  Devonian 
species  known  in  £urope  under  the  name  P.  latifrons,  and  in  America 
bv  Dr.  Green's  appellation  P.  Bufo.  Comparing  it  with  either 
Spanish  or  American  specimens,  I  see  no  diflference,  except  a  some- 
what flatter  axis,  and  perhaps  one  rib  fewer  in  the  tail-piece.  The 
group  of  Phacops  to  which  it  belongs  sometimes  occurs  in  Upper 
Silurian  strata ;  but  this  species  is  nevertheless  a  most  characteristic 
Devonian  form,  and  has  an  immense  geographical  range. 
\         JLocalit}j,  Near  Omro.     In  a  rolled  pebble. 

|.  Mr.  Pentland  found  near  the  town  of  Aygatchi,  Bolivia,  another 
'  Phacops  J  which,  from  its  type,  belongs  most  certainly  to  Devonian 
rocks.  It  is  one  of  the  group  Crf/phcBiis,  distinguished  by  having 
the  border  of  the  tail  spinose ;  moreover,  it  is  not  far  removed  in 
afinitj  from  the  characteristic  Phacops  Caffer  and  P.  Africanus  of 
^e  Cape  of  Good  Hope.  P.  (Culyniene)  VerneuiUi  of  D'Orbigny 
■Ppears  to  belong  to  the  same  section,  and  is  probably  of  the  same 

^a^cops  (Cbyphjbus)  PENTLAXDn,  u.  sp.     PL  rV.  fig.  9. 

^ther  more  than  2  inches  long,  and  1^  inch  broad,  convex, 
^^^-ovate,  with  a  subtriangular  head;  the  taU  pointed,  ribbed 
^^^J\)ughout,  and  with  a  tubercular  or  subspinose  border. 

fiead  I  inch  long,  blunt-trigonal ;  the  glabella  broad,  inflated  in 
^■^oiit,  the  forehead-lobe  rhomboidal  and  blunt-pointed,  but  not  over- 
'^^^ging;  the  facial  suture  supra-marginal.  The  margin  itself  is 
r*^n  in  front,  thickened  only  round  the  simken  cheeks,  and  is  cut  near 
^^  (spinose  ?)  posterior  angle  by  the  facial  suture.  Eye  prominent,  of 
'^^ny  moderate-sized  lenses,  set  far  forward,  but  not  close  to  the 
^Isabella. 

-,      Body-rings  (much  broken)  with  the  axis  very  prominent,  and  with 
'^^ir  spines  on  each  ring,  besides  one  within  the  fulcnun  on  the 
J^*«ara,  and  one  (or  two?)  outside  it;  pleural  groove  deep,  broad; 
^tids  of  pleurae  truncate. 

Tail-piece  triangular,  6  lines  in  length,  wider  than  long,  with  a 
^«ry  convex  axis  reaching  the  tip,  and  marked  by  six  or  seven  strong 
^ngs,  the  rest  indistinct.  The  sides  are  about  the  same  width  as 
'ttc  axis,  with  six  strong  curved  ribs  (the  upper  ones  duplicate),  not 
burrowing  the  narrow  border,  but  faintly  continued  on  it  into  mar- 
ginal tubercles.  Both  the  lateral  ribs  and  the  axis  have  tubercles 
^n  them.     The  terminal  spine,  if  one  existed,  is  broken  off. 

There  are  several  Bohemian  species  of  Phacops  which  resemble 
"this  in  the  tubercular  ornaments  of  the  body ;  but  none  that  I  know 
liave  a  taberculato- spinose  border  to  the  tail;  and  this  character, 
eombined  with  the  inflated  forehead-lobe,  will  certainly  restrict  the 
-  Ibsail  to  either  Upper  SUurian  or  Devonian :  it  cannot  be  Carboni- 
ferous. 

LoedUty.  Aygatchi  {Mr,  Pentland,  1827).  It  comes,  according  to 
that  gentienuiny  from  beds  of  the  Carboniferous  scries ;  it  would  ap- 
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pear  from  Mr.  Forhcs's  statements,  that  it  could  only  bo  from  the 
sandstones  at  their  very  base ;  and  I  must  claim  these  as  Upper 
Devonian. 

Favositos  (?),  sp.     ri.  IV.  fig.  10. 

T  find  no  pores  in  any  of  the  tubeii  (but  only  some  tubercles),  and 
verj'  few  traees  of  tal)ulap.     Possibly  it  is  not  of  this  genus. 

Locality.  Given  to  Mr.  Forbes  (by  Mr.  Bogen,  of  Tacna)  as  having 
been  found  near  Oniro. 

UPPER  SILURIAN. 

All  the  thick  beds  of  sandstone,  intercalated  with  many  layers  of 
sandy  shale,  appeal'  to  lie  in  the  upper  port,  or  middle  part  at  least,  of 
Mr.  Forbes's  Siluiian  section ;  and  in  these  the  chief  part  of  his  fossils 
were  found.  The  lower  beds  (chiefly  shale  and  thin  sandstones) 
contain  the  BUohiUs  (or  Cniziamt)  and  very  little  else ;  and,  seeing 
that  his  sections  gave  a  measured  thickness  of  at  least  15,000  feet 
(all  of  which,  as  he  judges  by  the  mineral  aspect,  belongs  to  one  and 
t  he  same  series),  there  is  much  reason  for  supposing  the  lower  part 
to  be  of  Tx>wer  Hilurian  date.  This  is  borne  out  by  the  presence  of 
the  Bilohites,  which,  as  above  noted,  is  chiefly  a  Lower  Silurian  type. 
D^Orbigny  has  figured  a  Graptolite,  with  one  row  of  cells,  fiim 
South  America ;  and  this  alone  would  prove  the  presence  of  Silurian 
rocks,  upper  or  lower.     It  is  from  Tacopaya,  Santa  Cruz. 

HoMALONons  Linares,  n.  sp.     PI.  V.  figs.  1  &  2. 

Body  (?)  faintly  trilobcd  (fig.  1  a) ;  pygidium  (fig.  Ih)  1\  inch  long, 
and  about  as  broad,  triangular,  regularly  convex,  with  the  sides  not 
abniptly  bent  down.  The  axis  is  but  faintly  marked,  quite  as  broad 
as  tlie  sides,  and  scored  by  about  sixteen  rings;  the  sides  show 
nearly  as  many  furrows,  none  of  which  reach  the  margin.  The  apex 
is  pointed,  the  tail  gnidually  tapering  to  it,  not  abruptly  acuminate. 
The  sides  (apparently  from  fig.  1  b)  are  bent  inwards  beneath ;  and 
the  apex  also  shows  some  indications  of  a  broadish  triangular  space. 
The  whole  surface  api)cars  smooth. 

Th«'  species  is  not  unlike  II.  delphinocephalus,  Murch.,  but  has 
many  more  ribs,  and  a  longer  axis. 

jAnalltif,  From  the  highest  point  reached  by  its  discoverer:  ho 
found  it  on  the  all  but  inaccessible  face  of  Mount  lUampu,  at  the 
heij>ht  of  2U,()no  foot.  Xamed  in  honour  of  his  Excellency  the 
President  of  Bolivia. 

IIOMALONOTIS,  Sp.       PI.  V.  fig.  3. 

Not  perfect  enough  to  desciibe.  It  has  a  blunt  rounded  shape, 
like  that  of  J[.  ohtusus,  Sandberger,  and  several  other  German  and 
French  species  from  Devonian  rocks.  ITie  axis  is  more  8tn>ng]j 
ribbed  than  the  sides,  and  the  surface  is  roughly  granular. 

Localiti/.  From  the  same  mountain  as  above^  at  a  somewhat  lower 
level  (about  15,000  feet). 
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Pboetts,  sp.  (a  fragment).     Such  fragments  are  common  both  in 
Jppor  Silurian  and  Devonian  rocks. 
Locality,  8amo  moimtain  (16,000  feet). 

[Beyrichia  FoRBEsn,  Jones,  n.  sp.    PL  IV.  fig.  13  a,  h,  c,  nat.  size 
and  magnified. 

Carapace-valves  oblong-ovate ;  straight  on  the  dorsal  and  obliquely 
curved  on  the  ventral  edge  ;  obtusely  tapering  at  one  end,  obliquely 
truncate  at  the  other ;  bordered  below  and  at  the  ends  with  a  slight 
rim :  surface  raised  into  four,  equidistant,  unequal,  transverse, 
rounded  ridges ;  the  one  next  to  the  narrow  end  of  the  valve  lowest 
and  shortest,  the  next  one  highest  and  longest  of  all. 

This  is  nearly  allied  to  Beyrichia  Bussacensis  from  the  Lower 
SOurian  rocks  of  Portugal  (Quart.  Joum.  Geol.  Soc.  vol.  ix.  pp.  141, 
160,  pi.  7.  figs.  5  &  6) ;  but  it  is  narrower,  and  its  ridges  are 
differently  proportioned.  It  also  approaches  in  form  to  the  figure  of 
a  Bft/richia  that  has  been  published  (without  description)  by  Prof 
£.  Emmons  among  some  Silurian  Fossils  of  North  America  in  hia 
*  Manual  of  Geology,'  2nd  edit.  1860,  p.  100,  fig.  90. 

This  little  fossil  is  seen  in  some  numbers  (together  with  Tentacu^ 
Hies)  on  a  small  piece  of  dark-grey  calcareous  schist  from  the 
western  slope  of  Illampu  in  the  Bolivian  Andes.  It  is  dedicated  to 
its  adventurous  discoverer,  Mr.  David  Forbes. — ^T.  K.  J.] 

Testactutes  suPBEinrs,  n.  sp.     PL  IV.  fig.  11. 

Nearly  an  inch  long,  diameter  2  lines,  cylindrical,  slowly  tapering 
until  near  the  apex ;  marked  at  intervals  of  about  a  line  by  cord-like 
ridges,  strongly  projecting,  and  often  in  pairs.  Between  these  are 
close  concentric  annuli,  or  fine  ridges,  about  thirteen  in  the  space  of 
a  line. 

The  strong  double  ridges  which  ornament  this  species  occur  chiefly 
on  specimens  which  have  the  rings  more  distant  than  others.  They 
remind  one  much  of  the  Tentaculites  in  the  Wenlock  strata  of  the 
Isle  of  Gothland.  I  believe  this  species  to  be  a  new  one ;  it  is  a 
good  deal  like  T,  omatus,  Sow. 

Locality.  On  the  snowy  ridge  of  Illampu,  in  company  with  JETo- 
malonotus  Linares.  A  Ctcnodonta  and  a  Cup-coral  are  found  with 
them. 

Tentactlites  Salekzh,  n.  sp.    PI.  IV.  ^.  12. 

Tapering  more  rapidly  than  the  last,  and  marked  by  numerous 
equidistant  rounded  rings  [with  no  intermediate  annuli?].  The 
want  of  annular  striiB  may  be  only  a  comparative  character ;  but  the 
n^larity  of  the  somewhat  oblique  rings  seems  to  be  specific. 

Locality.  It  occars  in  the  grey  shaly  beds  between  the  grits  of 
Dlompn,  and  is  dcdicotcd  (by  Mr.  Forbes's  request)  to  Senor  Baicnz, 
whose  kind  and  efficient  help  was  of  great  service  to  him  in  his 
exploratiaiiB. 

SmaUer  TetUae^HiUB  (fig.  13  a)  occur  in  some  of  the  dabs  with  tho 
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BeyrkJiia  above  noticed ;  but  they  arc  probably  the  young  of  one  of 
the  foregoing  species. 

In  Europe  the  strata  in  which  TentacuUt^s  arc  conspicuous  arc— 
Caradoc  Sandstone,  TJandovery  rock,  and  Lower  Devonian.  In  North 
America  (New  York)  tliey  appear  to  be  more  specially  confined  to 
the  Devonian  strata.  They  arc  known  aU  over  the  world  in  Palaeo- 
zoic rocks. 

Burrows  ami  Cast*  of  Maiine  Worms. 

Such  impressions  as  these  attract  the  attention  of  every  close 
observer.  The  peculiar  habits  of  marine  worms,  introducing,  as 
thoy  do,  the  sabuloas  matter  from  one  stratum  into  the  more  daycy 
beds  of  another,  have  a  special  tendency  to  render  the  rock  compact 
and  tough-bedded.  Mr.  Forbes  foimd  the  worm-markings  of  all  sizes, 
both  in  the  upper  and  lower  beds  of  the  Silurian  rocks,  and  either 
as  double  burrows,  single  vermicular  casts,  or  in  groups,  just  as  we 
find  them  in  our  own  Ludlow,  Devonian,  and  Carboniferous  strata. 

Obthis  Aymara,  n.  sp.     PI.  IV.  fig.  14. 

Variety  (?)  of  Ain/jm  pahnata,  Morris  and  Sharpe,  Quart.  Joiim. 
Geol.  Soo.  vol.  ii.  pi.  10.  ^g.  3:  Orthis  pahnata,  Sharpe,  Traiu. 
Geol.  Soc.  2  ser.  vol.  vii.  p.  207. 

Circular,  or  only  slightly  transverse,  strongly  ribbed,  with  a  very 
short,  almost  obsolete  hinge-lino ;  ventral  valve  convex,  gibbous 
near  the  beak,  with  a  depressed  central  rib  near  the  margin ;  upper 
or  dorsal  valve  fiat,  with  two  slightly  raised  ribs  in  the  middle: 
ribs  about  14,  acute,  no  intermediate  ones.  Diameter  about  half 
an  inch. 

The  above  may  stand  as  the  obvious  characters  of  this  abundant 
species.  As  distinguished  from  the  common  southern  form  above 
quoted,  the  size  is  less,  and  the  ribs  not  quite  so  prominent ;  but  the 
chief  ditforence  is  in  the  interior,  which  shows  (in  0.  palniata)  very 
strong  dorsal  teeth,  and  the  ventral  hinge-plates  thick  and  short. 
Ours  has  but  thin  plates,  and  moderate-sized  teeth. 

I  hardly  see  sufficient  reason  for  considering  0.  Aymara  a  distinct 
furra.  It  is  very  similar  to  the  common  -iifrican  species  above 
quoted,  which  also  occui-s  at  the  Falkland  Islands.  The  same  fossil 
appears  also  to  be  frecjuent  in  the  Lower  Devonian  rocks  of  Gaspe, 
Canada.  But  these  localities  being  all  Devonian,  ono  is  scarcely 
justified  in  uniting  with  these  the  Silurian  shell  from  the  Andes,  if 
there  be  any  structural  differences.  Orthis  pahnata  is  evidently  a 
common  shell ;  and  such  species  have,  as  Edw.  Forbes  first  showed, 
a  wide  range  in  time  as  well  as  geographically :  Atn/pa  reticularis 
is  a  case  in  point,  ranging,  as  it  docs,  from  the  Middle  Silurian  to 
the  Upper  Devonian,  and  as  a  frequent  shell  throughout.  The 
0,  Aj/mara  may,  very  probably,  when  we  have  more  specimens, 
turn  out  to  be  the  Silurian  variety  of  a  shell  which  attained  a  fuller 
development  in  Devonian  times  as  0,  pahnata. 

Localities.  Valley  of  Millepaya,  and  other  localities  on  the  western 
side  of  the  Andes. 
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[The  Aymara  Indians  are  supposed  to  have  been  the  original 
habitants  of  these  mountains.  They  still  linger  there,  having 
ver  been  completely  conquered,  and  never  having  amalgamated 
th  the  Quichua  or  Inca  race. — ^D.  P.] 

iTHis,  sp.     PI.  lY.  figs.  15  &  16. 

A  small  OrihiSy  which  may  be  equally  compared  with  varieties 
the  O,  elegaptula,  Dalm.,  or  with  the  Devonian  forms,  0.  opercH- 
ris,  itc,  from  the  Eifel.  The  striie  seem  to  be  pretty  regularly 
terlined  with  smaller  ones.  In  the  absence  of  more  perfect  spe- 
mcnsy  I  do  not  give  it  a  name.  It  is  certainly  not  a  young  spe- 
men  of  the  0,  Humholdtu  of  D'Orbigny. 

Locality.  Valley  of  Millepaya,  and  further  south  on  the  western 
)pe  of  Illampu. 

mopnoMENA,  sp. 

A  mere  fragment  or  two  of  a  small  thin-shelled  species,  with  fine 

diating  striae. 

Locality.  Cotana,  about  five  miles  south  of  the  town  of  Sorata. 

CCULLELLA,  Sp.      PI.  lY.  fig.  17. 

The  transverse,  oval  and  convex  form  of  this  shell  reminds  us  of 
.  ovata.  Sow.,  rather  than  C.  antiqua  of  the  same  author.  Both 
■e  Ludlow  Kock  species :  but  there  are  Lower  Devonian  forms  very 
kc  them  both  in  Britain  and  South  Africa.  The  muscular  plate  ox- 
nds,  vertically,  two-thirds  across  the  shell. 

Locality.  West  face  of  Illampu. 

rENODoxTA  (Nucula),  sp.     PI.  lY.  fig.  18. 

This  is  figured,  because  it  is  rather  common.  Such  transverse 
nns,  concentrically  striate,  and  a  little  antiquated  in  the  lines  of 
x)wth,  are  known  in  all  Paheozoic  formations. 

Locality.  Yalley  of  Millepaya ;  also  further  south,  on  the  western 
ope  of  Illampu. 

ECA  ?  BBOTVTfii,  sp.     PL  lY.  figs.  19  &  20. 

Broad-oval,  more  than  2^  inches  wide,  and  l-  deep ;  the  beak 
i  the  anterior  fourth  not  very  prominent,  the  hinge-line  tolerably 
raight,  not  curved  down.  •  The  posterior  side  is  nearly  as  broad  as 
le  depth  of  the  shell  beneath  the  beak,  shghtly  angulated  along 
c  posterior  slope,  and  rounded  at  the  posterior  angle.  The  an- 
rior  side  is  somewhat  produced,  and  straight  along  its  hinge- 
orgin.  Surface  marked  by  rather  distant  lines  of  growth,  and 
vered  all  over  the  central  parts  of  the  disk  by  fine  radiating  striae, 
larply  impressed,  very  unequal  in  size  and  depth,  wavy  in  their 
urso  to  the  margin,  and  interlined  by  lesser  ones.  They  are 
together  absent  on  the  anterior  and  posterior  fourth.  On  our 
rgo  specimen  this  effiicement  of  the  striae  is  gradual ;  but  in  some 
hers  it  is  sadden,  and  the  central  striated  area  in  these  specimens 
sunk  below  the  general  surface.  These  may  be  of  a  distinct  species. 
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V'v^.  1^0  r('])i-(-eiit>  a  ynuii,^:  spcM-iincu.  The  uulliiie  is  niuuli  mciv 
rouiidcd,  however,  if  that  be  not  duo  to  pressure ;  aud  the  dupUcated 
striffi  cover  all  the  surface. 

Locality.  West  slope  of  Ulampu.  [Fioldmarshal  Brown,  a  well- 
known  general  of  tho  War  of  Independence,  and  after  whom  tlus 
shell  is  named,  showed  much  interest  in  these  researches,  and  was  of 
great  assistance  to  the  author  of  the  foregoing  memoir. — D.  F.] 

Bellebophon,  sp. 

About  1  inch  >vide,  having  a  large  body- whorl,  a  small  spire,  and. 
the  whorls  not  at  all  involute ;  umbilicus  quite  open,  and  this 
whorls  sloping  towards  it.  Stria)  of  growth  arched  backwards  t*-> 
the  carinate  margin,  which,  however,  is  obtuse,  not  sharp-edged. 

Loc^/ifj/.  Common  enough  in  some  hand-specimens  from  the  wcs'fc 
side  of  Illampu. 

Patella  or  Pileopsts  ? 

An  extraordinary  specimen  of  a  subovato  clypeiform  shell,  an  inelm 
and  a  half  in  its  hirgest  diameter,  and  rather  more  than  an  inclx 
wide,  has  an  oxcentric  blunt  umbo,  and  a  rather  wavy  margin.  Tlm^ 
surface  is  covered  with  close  concentric  ridges,  which  show  equally 
well  on  the  external  and  internal  cast.  The  general  appearance  i» 
that  of  an  oblique  Patella,  or  rather  one  of  the  Cahfptrmda,  But  i"t 
is  too  imperfcjct  to  decide  upon.  Patelliform  shells  are  known  in  tlx^ 
Bilunan,  but  they  are  very  rare. 

Loculity,  West  side  of  the  Valley  of  Millcpaya. 

LOWER  ?SILUKI  AN. 
Cbuziajta,  D'Orbigny. 

It  seems  hardly  worth  while  to  separate  these  obscure  fossils  int^^ 
several  genera  while  we  know  so  little  of  them ;   but  certainl^^ 
they  cannot  all  belong  to  one  group.     The  distinctly  grooved  anc^^ 
bUobcd  form,  which  induced  M.  Cordier  to  apply  the  name  BilobiU^^ 
to  them,  is  characteristic  of  tho  species  described  by  D'Orbignj;^ 
and  of  some  others  found  in  N.  America.     Tho  more  elongate  strap-*^ 
shaped  species  foimd  in  Europe  have  already  received  names  franm^ 
M.  Renault  in  his  memoirs  on  the  Silurian  Rocks  of  Franco.     An&^ 
the  species  here  figured  belong  to  such  various  plans  of  form  that^ 
if  we  only  knew  a  little  of  the  nature  of  the  bodies  in  question,  we^" 
should  bo  bound  to  give  them  separate  names;  at  present  I  only^ 
propose  one  for  the  sagittate  forms — Boliviana.    Mr.  Forbes  dii 
not  meet  with  either  of  D'Orbigny's  species,  which,  from  that  au- 
thor's description,  came  from  Lower  Silurian  bods*.     Thoso  hew 
described  are  also  the  lowe^st  fossils  in  tho  section. 

*  "  Cost  le  premier  corns  or^iB^  qui  se  montra  aa-deasiu  dca  phjUadoi 
■chistoides,  dans  les  phyllaaes  micac^  brunAtrcB." — Voyage,  &o.  toL  iii.  put  4 
(Faleontologie^,  p.  31 .  ^Ir.  Forbc*  thinlu,  howeror,  that  udbto  is  no  ondenoe  oT 
their  being  fo  low  in  the  series. 
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CimANA  CucxTRBiTA,  n.  sp.    PL  V.  figs.  4,  5,  &  6. 

Three  inchos  long,  elongate,  clavate,  curved  into  a  shape  more  or 

less  sigmoid,  subcylindricMJ.  in  section,  compressed ;  rounded  at  the 

anterior  end,  tapering  posteriorly ;  smooth,  except  a  few  irregular 

wrinkles,  but  with  a  raised  longitudinal  rib  throughout  (down  each 

fflde?). 

I  am  not  sure  whether  the  raised  rib  which  runs  from  end  to  end 
o{  those  shapeless  masses  is  an  external  marking,  or  arises  from  an 
internal  hard  cylinder.  Fig.  6  shows  some  irregular  transverse 
TOiikles ;  but,  except  these,  there  is  no  marking  whatever  to  distin- 
RTii^li  this  form,  which  may  bo  recognized  by  its  blunt  clavate  shape, 
like  many  of  the  gourd-fruits,  whence  the  name. 

Lo<Talitii,  Very  plentiful  on  the  surfaces  of  grey  schist.  Valleys 
^  Urxduavi  and  Aceromarka. 

CitTzxAXA  Unduavi,  u.  sp.     PI.  V.  figs.  7  &  8. 

^Oxree  or  four  inches  long,  subcylindrical,  but  often  flexuous, 
^<^^ly  tapering.  Surface  marked  with  numerous  (9  or  10)  longi- 
^^iixal  ribs,  which  run  for  short  distances  only,  and  alternate, 
leav-ljjg  some  parts  smooth.  The  general  direction  of  tho  ribs  is 
^^'^Ritudinal,  but  wavy. 

^^-oca/ifie*.  Valleys  of  Aceromarka  and  Unduavi,  where  it  is  most 
**^Xidant. 

BoLiviANA,  gen.  nov. 

-^^onn  obcordate  or  sagittate,  tuberculate  or  ridged,  without  a 
^^^trral  furrow,  and  produced  behind  into  two  barbs  or  wing-like 
'l^^^ndages.  (A  peduncle  or  stem  occurs  in  some  species.) 
^  ^These  broad  arrow-shaped  forms  differ  so  much  from  the  true 
^^^^^ziaruiy  that  it  does  not  seem  premature  to  separate  them.  (I 
^^•^0  tho  elongate  forms  at  present  all  in  one  genus.)  And  the 
jl^^eral  term  Bihhites  may  still  be  conveniently  used  for  the  whole 
*^^up,  though  not  now  accepted  as  a  generic  term. 

^^XiviAif  A  Melocactus.     PI.  V.  fig.  9. 

Three-quarters  of  an  inch  long,  obcordate,  deeply  notched  behind, 
^^d  pointed  and  produced  backward  on  each  side.  Surface  gently 
^nvex,  rising  into  a  ridge  along  the  median  line,  which  projects 
^  little  in  the  middle  of  the  deeply  emarginate  posterior  edge.  Six 
'^ngitudinal  ridges,  narrower  than  the  central  one,  run  along  tho 
^hole  length,  with  irregular  tubercles  on  them,  arranged  so  as  to 
^orm  tranverse  rows,  seven  or  eight  on  each  side. 

A  rough  resemblance  to  the  manmiillated  plants  so  oommon  in 
the  region  of  the  Andes  suggests  the  name. 

Locality.  Valley  of  Aceromarka,  north-eastern  slope  of  niimani. 

BOUTIAKA  PBOBOSCEDSA.      PI.  V.  ^.  10. 

This  appears  to  be  only  about  half  of  the  disk,  and  it  is  therefore 
described  as  if  the  longitudinal  ridge  (a)  were  centraL  An  inch 
and  a  half  long,  narrow-sagittate,  lanceolate,  oonvez;  with  a  yezy 
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prominent  central  ridge,  produced  behind  into  a  thick  blunt  spiiu 
Posterior  edge  doubly  emarginate,  but  \dth  the  angles  scarcely  i 
all  produced.  Six  longitudinal  ribs  on  each  side  of  the  central  ow 
all  closely  tuberculatc,  so  as  to  form  transverse  rows. 

The  projecting  mass  is  supposed  to  bo  the  stem,  and  is  nearly  a 
long  as  the  frond,  very  thick,  obtuse,  attached  to  the  posterior  mar 
gin,  and  shaped  like  the  siphon-sheath  of  a  bivalve  shell. 

Lomlitif,  Valley  of  Aceromarka. 

BOLIVIANA  BIPENNIS.       PL  V.  ^g,  11. 

Mr.  Forbes  observed  the  other  part  of  this  specimen  in  the  roci 
but  could  only  detach  one  half.     The  outline  is  therefore  added 
our  figure. 

Frond  semioval,  emarginate  behind,  gibbous  at  the  sides,  a 
with  the  posterior  angles  produced  into  strong  divergent  taperi 
spines.  Surface  marked  by  ridges  and  furrows  parallel  to  ' 
curv'c  of  the  front  and  back  margins.  Spines  also  furrowed  n 
the  base.     Stem  (apparently  attached)  long  filiform. 

Locality,  Yalley  of  Unduavi,  eastern  slope  of  the  Andes. 

Summary, 

The  number  of  species  that  we  recognize  in  this  collection,  in 
with  so  much  perseverance  and  at  great  personal  hazard,  are — 

5  Lower?  Silurian  (Bilobite-schists). 
14  Upper  Silurian  (grey  sandy  schists  and  sandstones)- 

3  Devonian. 
13  Carboniferous. 

D'Orbigny's  collection  of  Silurian  fossils  contained  10  specieSj 
which  none  have  occurred  to  Mr.  Forbes.     They  are — 


Cruziana  rugosa. 

lurcifera. 

Orthis  Hiunboldtii. 
Liiigula  niarginata-. 

Muciisterii. 

dubia. 

OraptoliUifl  dentatus. 


Phacops  (CalymeneJ  Vemeuilii. 

(C.)  macrophtnalma? 

Asaphus  BoliTiensis. 

There  is  some  doubt  about  both 
ppecies  of  Phacops.  They  arc  proba 
Devonian. 


Adding  these  to  our  list,  we  obtain  27  or  29  Silurian  species  for  \ 
Ceutral  Andes,  belonging  to  a  fauna  specifically  different  from  tl 
of  any  other  quarter  of  the  world.  I  venture  without  hesitation 
assert  that  the  identifications  by  D'Orbigny  vdih  European  fori 
where  I  am  acquainted  with  the  species,  are  wrong.  I  am  oblij 
to  say  this  much,  since  that  distinguished  author  has  fearles 
united  things  which  differ  by  the  most  ob\ious  external  characte 
and  has  lent  the  sanction  of  his  great  reputation,  on  such  evidei 
as  this,  to  a  former  community  of  species,  and  an  equable  diffusion 
heat.  In  regard  to  the  Carboniferous  forms,  where  M.  D'Orbig 
is  unwilling  to  allow  more  than  a  close  analogy  between  the  t^ 
continents,  1  am  again  compelled  to  differ  from  him^  but  it  is 
an  opposite  direction. 


/ 
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KXPLAKATION  OF  PLATES  IV.  &  V. 
wting  Mr.  SdRei'f  paper  on  some  Falseozoic  Fossils  from  the  Boliyian  Andes. 

Flatb  IV. 

'ig.  1.  ProdoctoB  semireticulatns,  Jtfar^'77.    Isthmus  of  Copacabana. 

2.  P.  LoDgispina,  Sow,    Isthmus  of  Copacabana. 

3.  Orthis  Andii,  lyOrb.    Banta  Cruz. 

4.  Athjris  subtillta.  Hall.    Isthmus  of  Copacabana. 

5.  Rhynchonella,  sp.    Santa  Cruz. 

G.  Belierophon ;  like  B\Urii^  Fleming.    Isthmus  of  Copacabana. 

7.  Orthis,  sp.    Oruro. 

8.  Phacops  latiijrons.  Bronn,    Oruro. 

9.  Ph.  Pentlandii,  SiUliT.    Aygatchi. 

10.  Favosites  (?),  sp.    Oruro. 

1 1.  Tentaculites  supremus,  Salter,  '\ 

12.  T.  Saienzii,  Salter .  \ma. 

13  a.  Tentacidites,  sp.,  and  Beyrichia  Forbesii,  Jones.    |        ^P^* 
13  6  &  13  c.  Beyrichia  Forbcsu,  Jonca,  J 

It  l^O^hrr  *^-}VaUey  ofMUlepa^a. 
■  ■   17.  Cucullella,  sp.    Illampu. 

18.  Ctenodonta  (Nucu]a),  sp.    Valley  of  Millepaya. 
•     19.  Area  (?)  Brownii,  Salter,    Fig.  20.  Young  specimen.    Illampu. 

Plate  V. 

Eff.  1  &  2.  Ilomalonotus  Linares,  Salter,  I  -n, 

!^  3.  HomalonotuB,  sp.  jlUampu. 

4,  5,  &  6.  Cniziana  Cucurbita,  Salter. ' 
7  &  8.  C.  Unduavi,  Salter. 

9.  BoliTiana  Melocactus,  Salter,         LValleys    of    Aoeroraarka    and 
.  10.  B.  proboMidea,  Salter.  Unduavi 

11.  B.  bii)eiini8,  Salter. 


On  a  Xew  Species  of  Macrauchenia  (M.  Boliviensis).  By 
koKAs  n.  Huxley,  r.R.8.,  Sec.  G.S.,  Professor  of  Natural 
Kstory,  Government  School  of  Mines. 

[Plate  VI.] 

:  vertebrate  remains  obtained  by  Da\dd  Forbes,  Esq.,  F.R.S., 
.S.,  firom  the  mines  at  Corocoro,  under  the  circumstances  de- 
)d  in  hifl  paper  **  On  the  Greology  of  Bolivia  and  Southern  Peru," 
ast  of  the  following  parts  of  tho  skeleton  of  apparently  one  and 
same  Mammal : — 1 .  A  portion  of  the  right  maxilla  and  palate, 
ll  fragments  of  grinding  teeth.  2.  llather  more  than  the  right 
■  of  the  occipital  portion  of  the  skull.  3.  A  middle  cervical  ver- 
%  nearly  entire.  4.  A  fi-agment  of  a  posterior  lumbar  vertebra. 
iamall  portion  of  a  right  scapula.  0.  A  crushed  fragment  of  tho 
dmal  end  of  an  ulna.  7.  Part  of  the  proximal  end  of  the  left 
L    8.  The  entire  left  astragalus,  and  part  of  the  light  astragalus. 
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the  Vicu^i'nn,  yi«.'l(lm^^  additional  evidence  of  tlie  adult  condiliun  ol 
the  animal,  to  that  aiforded  by  the  absence  of  epiphyses. 

The  antero-posterior  diameter  of  the  tibia,  measured  from  the 
posterior  edge  of  tho  internal  artioolar  facet  to  the  anterior  edge  of 
the  crest  of  the  tibia,  is,  in — 

M,  BoUvienm.       M,  Patachonica,        Guanaeo,        Vicugna, 
in.  in.  in.  in. 

2-4  6-4  2-3  21, 

80  that  the  depths  of  the  proximal  ends  of  tho  tibie  of  the  tiro 
Macraiichenicp  have  tho  ratio  of  1  :  2|,  which  corresponds  very  veil 
with  the  proportions  of  the  astragali,  and  confirms  the  conduuoiUB 
already  arrived  at,  as  to  the  relative  lightness  of  the  limbs  of  ihSM 
species  in  comparison  with  those  of  M,  Patachonica,  and  as  to  tl&e 
similarity  of  the  proportions  of  tho  Bolivian  species  to  those  of  tbe 
Llamas. 

What  remains  of  the  outer  edge  of  the  tibia  is  sufficient  to  prove 
that  tho  iibula  must  havo  remained  unanchyloscd  to  the  tibia  for  a 
much  greater  distance  than  in  the  Patagonian  species.  Erom  the 
manner  in  which  the  outer  tuberosity  of  the  proximal  end  of  the 
tibia  is  broken  off,  I  am  inclined  to  suspect  that  the  fibula  was 
anchyloscd  to  it  at  this  point ;  and  perhaps,  as  in  the  Aucheniaf^  its 
proximal  end  was  represented  only  by  a  bony  style. 

I'he  scapula  is  represented  merely  by  a  mutilated  fragment,  com- 
prising the  glenoid  cavity  and  tho  adjacent  parts.  The  spine  of  ih0 
scapula  is  broken  oif,  and  the  glenoid  cavity  is  somewhat  distorted 
by  the  bending  of  one  of  its  edges;  but  enough  remains  to  show 
that  the  bone  must  have  agreed  witli  the  scapula  of  Mderaudimia 
Patachonica  in  all  essential  respects,  and  that  it  therefore  diffared 
very  widely  from  that  of  the  Atichenio',  In  size,  however,  it  neazfy 
corresponded  with  the  corresponding  bone  in  the  latter  animal ;  for 
the  greatest  diameter  of  the  glenoid  cavity  is  1*2  in.,  the  auw 
measurement  in  tho  Vicugna  being  I'O,  and  in  the  Guanaeo  1'6. 

The  ulna, — The  fragment  of  the  ulna,  consisting  of  part  of  tto 
olecranon  process  and  of  tho  sigmoid  cavify,  is  so  crushed,  that  I  em 
only  affirm  its  general  agreement  in  form  with  that  of  Macnnuhimt 
PatacJionicu,  and  in  size  with  the  same  bone  in  the  Uamas. 

The  lumbar  vertebra, — Of  bones  referable  to  this  region  of  thebodjj 
again,  there  is  but  a  single  fi-agmcnt,  of  value  only  so  far  as  it  con- 
firms the  conclusions  arrived  at  by  the  examination  of  the  moie 
perfect  fossils.  It  con'c^ponds  very  well  with  the  posterior  half  of 
tho  centnim  of  the  penultimate  lumbar  vertebra  of  if.  iViladbiitM 
in  foim,  and  with  the  corresponding  vertebra  oiAuchtnia  in  sun; 
but  the  crest  into  which  the  middle  of  its  under  surface  im  raised, 
and  which  is  still  sharper  than  that  in  tho  Patagonian  specias 
diagnosticates  it  at  once  from  any  of  tho  lumbar  yertebrcB  of  the 
Llamas. 

The  transverse  diameter  of  the  articular  face  is  1*1  in.,  its  yeriieel 
diameter  0*0.  Tho  corresponding  measurements  of  the  antepen- 
ultimate lumbar  vertebra  (^  Jf.  Patachonica  are  3*0  in.  and  2*1 ;  m 
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that,  as  in  other  bones,  the  proportions  of  diverse  diameters  of  the 
same  bone  are  not  the  same  in  the  two  species.  But  as  the  trans- 
Terse  diameters  of  the  cervical  vertebrae  of  the  two  species  are  nearly 
as  1 :  3,  and  the  transverse  diameters  of  the  lumbar  vertebrae  are, 
also,  nearly  in  the  ratio  of  1  :  3,  it  would  seem  as  if  the  different 
regions  of  the  vertebral  column  of  the  two  species  exhibited  the  same 
proportional  correspondence  to  one  another. 

Tk  skull. — As  no  part  of  the  skull  of  Macrauchenia  Patachonica 
has  yet  been  discovered  (with  perhaps  the  exception  of  part  of  the 
lower  jaw),  a  great  interest  attaches  to  every  fragment  which  promises 
to  throw  light  upon  this  part  of  its  organization ;  and  I  therefore  make 
no  apology  for  dwelling  at  some  length  upon  the  characters  of  the 
two  very  imperfect  and  mutilated  portions  of  the  cranium  which 
turned  up  among  the  specimens  submitted  to  me  by  Mr.  Forbes. 

The  one  of  these  (Plate  YI.  fig.  3)  consists  of  rather  more  than  half 

of  the  occipital  segment  of  the  skull,  and  exhibits  the  whole  of  the 

ropra-occipital  bone,  with  its  strong  occipital  crest,  a  part  of  the 

parietal  with  the  sagittal  crest,  the  greater  part  of  the  right  para- 

inastoid  process,  and  the  entire  right  occipital  condyle. 

f        As  I  have  already  remarked,  the  sutures  are  obliterated :  and  this  is 

!      ^,  not  only  of  those  which  ordinarily  exist  between  the  elements  of 

tiie  occipital  bone  in  young  mammals,  but  of  the  lambdoidal  suture, 

^ch  usually  persists  for  a  longer  period.  The  occipital  foramen  must, 

^hen  entire,  have  had  a  depressed- oval  form,  the  short,  vertical  axis 

®^  the  oval  being  about  0*6  of  an  inch  long.     The  face  of  the  bone 

*p*^e  it  inclines  upwards  and  forwards,  at  an  angle  of  about  50°  with 

^^  base  of  the  skull,  and  presents  a  sharp  ridge  in  the  middle  line, 

^  either  side  of  which  the  surface  of  tlie  supra-occipital  element  slopes 

*J|^  a  slight  convexity  outwards  and  forwards,  at  the  sides  and  below; 

^hile,  above,  it  becomes  concave  by  passing  almost  vertically  upwards 

^  the  middle  line,  and  laterally,  bending  upwards  and  backwards 

^  right  angle  with  its  previous  inclination  into  the  occipital  crest. 

^  fhis  crest  is  nearly  0*2  inch  thick  at  the  sides,  and  becomes  still 

l*^c-ker  in  the  middle  line,  where  it  joins  the  sagittal  crest.     It  is 

i'l  inch  in  diameter  at  its  widest  part,  and  about  half  an  inch  high. 

"•^^B  contour  is  that  of  a  parallelogram,  with  its  angles  rounded  off, 

^d  the  middle  of  its  upper  side  rather  truncated.     The  lateral 

Portions  project  backwards  rather  more  than  its  centre ;  so  that,  while, 

^Uppofciing  the  basi- occipital  to  be  horizontal,  a  vertical  line  drawn 

through  the  posterior  edge  of  that  bone  would  nearly  coincide  with 

the  contour  of  its  central  part,  it  would  pass  a  little  anterior  to  the 

plane  of  the  lateral  extremities  of  the  crest.     Inferiorly,  the  thick 

lateral  portions  of  the  crest  divide  into  two  ridges;  the  posterior 

3f  which  turns  shghtly  inwards  and  comes  to  an  end,  while  the 

Interior,  much  sharper  at  its  edge,  passes  forwards  and  outwards,  and 

becomes  continuous  with  the  sharp  ridge  in  which  the  paramastoid 

process  terminates  externally. 

Behind  this  ridge,  between  the  paramastoid  process,  the  occipital 
condyle,  and  the  lateral  convexity  of  that  part  of  the  occipital  bone 
wbic^  Iks  aboTe  the  foramen  magnum^  there  is  a  deep  f ossa^  which  is 
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divided  mU)  two  purli  »iis  l)y  a  transvcTbo  ridgc,  extending  Irumiiie 
outer  and  upper  ])nrt  of  the  condylo  to  tho  posterior  and  inner  ke 
of  the  paraniastoid  process.  Tho  largo  preoondyloid  foramen  (piD- 
bably  somewhat  enlarged  accidentally)  opens  into  the  lower  and  ante- 
rior diviBion  of  the  fossa,  beside  the  condyle,  and  about  ^th  of  an  iack 
behind  its  anterior  inferior  boundary.  The  upper  boundary  of  Al 
foramen  magnum  is  almost  straight,  and  its  summit  is  below  tin 
level  of  the  superior  edge  of  the  condyle  (when  tho  base  of  the  skd 
is  horizontal).  The  condyle  is  divisible  into  an  upper,  smaller,  tb" 
liquely  ascending,  and  a  lower,  more  nearly  horizontal  £Acet.  The  liil 
of  junction  between  the  two,  forming  tho  posterior  limit  of  the  cdB- 
dyl(^,  is  rounded  olf  and  is  directed  obliquely  outwards  and  upwiriL 
The  moderately  convex  upper  facet  looks  upwards,  backwards,  al 
but  ver}'  slightly  outwards.  It  is  broad  above,  where  its  tranmne 
diameter  amoimts  to  nearly  half  an  inch,  and  tapers  off  graduDj 
to  a  point  below  and  internally. 

Tlie  inferior  iacet,  less  curved  than  the  other,  is  0*6  of  an  ioflk 
wide  behind,  hardly  more  than  half  that  in  front,  and  fully  0*8  of  a 
inch  long.  It  is  slightly  convex  from  side  to  side,  and  from  beUol 
for^vards,  posteriorly,  where  it  looks  downwards  and  outwards ;  oonnx 
from  side  to  side,  and  slightly  concave  from  behind  forwards,  in  finnti 
where  it  is  directed  more  horizontally  downwards.  Its  anterior  nanov 
end  has  a  sharply  destined  rounded  margin,  which  can  be  traced  to 
tho  anterior  boundaiy  of  the  occipital  foramon ;  so  that  the  oodfld 
condyles  certainly  did  not  coalesce  in  the  middle  line. 

The  parama.stoid  process  is  broken  off  rather  above  the  level  cT 
the  lower  boundary  of  tho  occipital  condyle ;  but,  firom  the  thimui^ 
of  the  fractured  e(%e,  I  imagine  it  did  not  extend  much  fbrther.  It 
is  broad  and  flattened,  the  direction  of  its  greatest  diameter  benf 
from  behind  and  without,  inwards  and  forwards.  Its  posterior  fto^ 
is  directed  as  much  inwards  as  backwards,  and  its  outer  maigiB  ii 
sharp,  except  towards  the  lower  end,  where  it  becomes  rounded.  Db- 
temally,  it  thickens  before  rejoining  tho  exocdpital,  in  front  of,  oi 
extemtd  to,  the  precondyloid  foramen.  Tho  upper  part  of  its  antantf 
and  external  face  is  evidently  rough  and  has  united  with  the  nil* 
toid,  now  completely  broken  away ;  but  it  is  difficult  to  say  how  ht 
downwards  the  sutural  face  extended.  The  posterior  boundary  d 
tlie  jugular  foramen  is  preserved  on  the  inner  side,  and  in  front  o(  Ai 
thick  inner  edge  of  the  imramastoid. 

The  sagittal  crest  is  continued  forwards  from  the  triangular  pnn 
minence  common  to  it  and  the  occipital  crest,  and  at  onoo  becoatf 
very  thin  and  sharp.  It  is  broken  off  at  a  very  short  distance  firanito 
commencement,  and  at  this  point  it  is  a  quarter  of  an  inch  h^jL  Itl 
superior  margin  is  not  paraUel  with  tho  contour  of  fhe  middle  So* 
of  the  parietal  region,  but  has  a  more  marked  upward  inclination,  lO 
as  to  lead  one  to  suppose  that  tho  crest  rose  to  a  oomdderaUa  heig^ 
in  the  middle  of  the  sinciput, — a  conclusion  which  is  starengtlMBB' 
by  the  great  thickness  of  the  parietals  (of  whose  median  antuntto 
trace  is  \'isible)  in  tho  middle  line.  The  trsnaverso  seotioii  uieawtrf 
by  the  anterior  broken  edges  of  these  bonea  ia^  in  fbot>  " *^ 
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kd  the  height  of  the  triangle  from  its  apex,  which  corresponds  with 
le  base  of  the  crest,  to  its  base  (the  concave  inner  wall  of  the 
tniam)  is  nearly  0*4  of  an  inch. 

In  viewing  the  fragment  of  the  occiput  from  within,  one  is  snr- 
ised  by  the  great  thickness  of  the  supra-occipital  region,  the  bono 
unediately  above  the  middle  of  the  occipital  foramen  being  half  an 
ich  thick.  A  well-marked  ridge,  defining  the  interior  boundary  of 
»  cerebeUar  fossa,  is  continued  downwards,  forwards,  and  out- 
arts,  from  the  anterior  boundary  of  the  thick  roof  of  tho  occipital 
«men.  There  is  no  venous  canal  traceable  above  the  inner  aper- 
ire  of  the  precondyloid  foramen. 

If  the  occiput  of  Macrauchenia  BolivirMis  be  restored  by  reversing 
leoutlmes  of  the  right  half  (as  in  PI.  VI.  fig.  3),  thus  supplying  tho 
•nting  left  moiety,  the  following  measurements  may  be  obtained, 
ide  by  side  with  them  I  give  tho  corresponding  measurements  of  the 
^  of  the  Vicugna : — 

Pttsrerse  diameter  of  tho  occiput' 
fit»n  the  outer  edge  of  one  para- 

ttiastoid  to  that  of  the  other 

■tto  from  the  outer  edge  of  one  occi- 
pital condyle  to  that  of  the  other 
e  transverse  diameter  of  the  occi- 
Htal  foramen 


M,  Boliviermi, 

Vicugna, 

in. 

in. 

1-9 

2-25 

1-5  1-5 

•7  -7 

1  I 


4  will  be  observed  that  the  two  series  of  dimensions  correspond 
J"  closely,  the  two  latter  being  identical,  while  the  Macrauchenia 
•ears  to  have'  had  even  a  narrower  skull  than  the  Vicugna.  In 
n,  the  occiput  of  Macrauchenia  agrees  better  with  that  of  the 
mas  than  with  that  of  any  other  ungulate  animal  with  which  I 
e  compared  it. 

lius,  in  an  old  Guanaco  I  find  an  equally  well-marked  ridge  in 
middle  line  of  the  supra-occipital  element ;  the  occipital  crest  is 
ally  prominent,  though  not  so  stout ;  the  sagittal  crest  is  as  well 
*ked,  thin  and  sharp,  and,  as  in  Macratwhenia,  its  superior  edge 
»nd8.  There  is  a  fossa  between  the  occipital  condyle  and  the 
imastoid,  similar  in  form  to  that  in  Macrauchenia,  though  much 
flower.  The  occipital  condyles  are  very  much  alike ;  and  their 
tion  to  the  precondyloid  foramina  is  the  same  in  both  cases.  The 
^mastoid  has  the  same  proportional  breadth ;  and  its  greatest  dia- 
ler is, in  both  cases,  directed  from  without  and  behind,  inwards  and 
rards:  in  both  cases  its  inner  edge  is  peculiarly  thickened.  Again, 
paramastoidof  the  Anchenia,  like  that  of  the  fossil,  is  very  shorty 
apex  hardly  extending  below  the  level  of  the  occipital  condyle. 
rhe  occiput  of  Macrauchenia^  on  the  other  hand,  ^ers  from  that 
Auchema  in  the  much  greater  thickness  of  the  supra-occipital, 
ich  in  the  Macrauchenia  has  fully  double  tho  thickness  of  the  same 
ion  in  an  old  Guanaco,  whoso  skull  is  much  larger — ^in  this  respect 
iroaching  the  Sheep  and  some  other  Euminants,  which  have  this 
le  Tery  thick.  The  supra-occipital^  also,  is  much  higher,  in  pro- 
iifliL  to  iti  width,  in  Ifomiue^mia  than  in  AwihmM  \  its  latotal 
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contours  are  parallel,  and  not  divergent  outwards  and  upwaidt. 
There  is  ntjthiuj;  in  the  MacraucJi&nia  resembling  the  deep  notch 
botwc'cn  the  supra-occipital  and  the  base  of  the  panunastoid,  into 
"vvhich  a  part  of  the  mastoid  fits  in  Auchtnla,  In  contour,  in  fact, 
tlie  occiput  of  tlie  Macram-hcnia  resembles  that  of  the  Pdlc^iherim 
more  nearly  tlum  that  of  anv  other  Mammal.  But,  on  the  whole,  1 
think  it  must  be  admitted  that  the  resemblance  of  the  back  of  the 
skull  of  the  Macrauchenla  to  that  of  Anchenia  is  sufficiently  clo« 
to  jiLstify  tlie  conclusion,  that  the  predominance  of  the  CameHw 
tyi»e,  so  marked  in  the  neck,  was  maintained  in  the  head  of  th( 
extinct  Mammifor. 

The  fossil  which  remains  for  description  (Plate  VI.  fig.  4)  consists 
of  twt)  frapcnients  of  the  matrix  (a  and  h),  which  fit  together,  and  tc 
which  adhere  certain  portions  of  the  upper  jaw  and  palate,  togctha 
w^ith  the  fractured  remains  of  three  giinding-teeth  and  part  of  the 
alvL'olus  of  a  fourth,  all  of  the  right  side,  and  in  a  continuous  series. 
The  alveoli  and  part  of  the  crowns  of  these  teeth  are  contained  in  the 
larger  frapjment  of  matrix, — the  smaller  fragment  fitting  against  the 
larg(»r  and  the  teeth  which  it  contdns,  and  exhibiting  the  impressiou 
of  the  grinding  surfaces  of  thi*ec  teeth  and  of  their  inner  faces,  i 
])ortion  of  dental  substance  adhering  to  the  latter,  in  the  case  of  the 
two  ant(^rior  teeth.  Of  the  hindermost  tooth  nothing  is  left  but  the 
impression  of  one  fang. 

The  nnpression  of  the  grinding  surface  of  the  first  tooth  is  nearly 
four-tenths  of  an  inch  long,  ecmvc^x  from  before  backwards,  concave 
internally :  the  outer  boundaiy  of  the  impression  is  broken  away, 
a  fragment  of  dental  substance  adhering  to  the  posterior  part  of  iti 
inner  face.  The  })art  of  the  larger  portion  of  the  matrix  (a)  which 
should  contain  the  alveolus  of  this  tooth  is  absent.  The  antero- 
])osterior  extent  of  the  coronal  impression  of  the  second  tooth  ifl  i 
little  more  than  0-4  of  an  inch ;  it  is  concave  from  before  backwards 
externally,  nearly  fiat  internally,  and  shelves  with  a  slight  convexity 
uj) wards  and  inwards.  The  inner  boundary  of  the  impres.sion  is,  asii 
the  preceding  case,  markedly  concave:  and  a  much  larger  fragment  a 
tooth- substance  adheres  to  it.  The  outer  boundary  of  tlic  impressioi 
is  brok(?n  away,  but  nmch  more  in  front  than  behind,  where  its  widtl 
is  fully  0-4  of  an  inch.  The  impressed  line  which  separates  this  im 
pnjssion  from  the  next  is  convex  forwards.  CoiTCsponding  with  thi 
imi)ression  there  are,  in  the  larger  fragment  of  matrix,  an  almoa 
entiro  conical  posterior  fang,  about  0*4  of  an  inch  long,  lodged  in 
complote  bony  alveolus,  whase  outer  wall  is  broken  away,  and  th 
]>osterior  half  of  a  similai*  alveolus  for  an  anterior  fang:  there  isn 
trace  of  a  third  alveolus  or  lang ;  and,  indeed,  there  seems  t')  be  n 
room  for  one.  The  fang  which  exists  is  connected  below  with 
portion  of  thc^  crown ;  but  this  is  so  broken,  that  all  that  can  b 
remarked  of  it  is  its  marked  intenial  ct>nvexity. 

The  coronal  impression  of  the  third  tooth  is  half  an  inch  long 
like  the  preceding,  its  face  shelves  upwards  and  inwards.  The  poate 
rior  part  of  its  outer  margin  is  broken  away;  but  it  is  dear  that  thi 
crown  was  quito  as  wide  as  that  which  jireccded  it^  if  nut  wider 
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f  the  surface  appears,  however,  to  have  heon  more  evenly  flat.     The 

J  ft,  imer  perpen^cular  face  of  the  impression  presents  two  concavities, 

^    ?  «pwated  hy  a  slight  ridge. 

--  \  More  of  this  tooth  is  preserved  than  of  any  other ;  the  outer  wall 

--  --  of  the  maxilla  is,  for  the  most  part,  preserved  over  it,  and  encloses  the 

■ "  ;  iheoK  of  two  external  fangs.     There  is  evidently  at  least  one,  and 

^—  perhaps  two,  internal  fangs.     The  whole  thickness  of  the  inner  and 

■"  '  "  posterior  part  of  the  crown  is  preserved,  and  the  posterior  and  inner 

V  -1  half  of  its  worn  face  ;  the  rest  of  the  tooth  is  broken  away.     Tha 

:  -^  posterior  and  outer  fang,  partially  exposed,  is  0*3  of  an  inch  long, 

-  \  conical,  and  slightly  inclined  backwards,  as  well  as  upwards  and 
t  inwards.  The  crown,  where  it  joins  the  fang,  is  0-4  of  an  inch  long ; 

~  -^  10  that  it  must  have  widened  a  little  below.     The  vertical  height  of 

-  •  - 1  the  crown  of  the  tooth  posteriorly  and  internally  is  hardly  more  than 
'''-^  0-15;  anteriorly  and  internally  it  is  broken  ;  but,  when  entire,  it  had 
'  •  \  a  height  of  at  least  0-2.  The  inner  surface  of  the  tooth  is  divided  into 
**  *-^  two  tolerably  well-marked  subcylindrical  faces,  which  correspond  with 

-  -  *  the  impressions  on  the  inner  wall  of  the  coronal  impressions. 
•—"  ^  The  outer  moiety  of  the  crown  is  altogether  broken  away ;  the  inner 
-•=*'  loietj,  broken  anteriorly,  exhibits  in  its  posterior  half  a  smoothly  worn 
^^7  licet,  concave  from  before  backwards,  and  inclined  not  only  down-* 
Vi  ^^  ^^^  slightly  backwards.  A  narrow  fringe  of  enamel  appears  to 
^  *  siinound  the  worn  dentine  of  this  face,  which  is  wider  in  the  middle ' 
than  at  the  two  ends.  The  true  outer  face  of  the  enamel  can  be 
*  -^  tnoed  from  the  inner  face  of  the  tooth,  continuously,  round  the  pos- 
--^;  tenor  boundary  of  this  worn  facet,  and  as  far  as  its  most  dilated 
r  . .]  P^<ni  on  the  inner  side.  It  is  concave  outwards,  and  presents  a 
'  -  I  «Iight  inflexion  midway  between  the  posterior  end  of  the  facet  and 
[^C^i  ^  niiddle  dilatation.  Beyond  the  dilated  middle  of  the  facet,  its 
77. '1  J'^el-wall  seems  to  have  been  united  with  that  of  the  opposite 
~"j  Wf  of  the  tooth ;  but  it  is  traceable  forwards,  becoming  concave 
.3  *^^ally,  past  the  anterior  end  of  the  worn  facet,  to  the  anterior 
^f  ^^'Igin  of  tiie  tooth,  where  it  bends  round  and  again  becomes  con- 
../      ^Oons  with  the  enamel  of  the  inner  face. 

f/  .  Hiis  tooth,  therefore,  appears  to  have  possessed  an  internal  divi- 
4  nf^-  ^^^^^f^^  ^^^  before  backwards,  surrounded  by  a  narrow  band 
f  Enamel, — having  its  inner  contour  produced  into  two  convexities, 

^l^^rated  by  a  slight  vertical  depression,  while  its  outer  wall  pre- 
f^^ts  two  concavities,  separated  by  a  slight  ridge  which  lies  rather 
rj^^d  the  level  of  the  depression  on  the  inner  face.  By  use,  the 
?^terior  part  of  this  division  wore  down  into  a  facet,  concave  from 
•^tbre  backwards,  and  separated,  by  a  transverse  ridge,  from  the  facet 
front  of  it.  A  longitudinal  fossa  separated  the  posterior  moiety,  at 
of  this  division  of  the  tooth  firom  the  outer  division. 
^  Imperfect  as  is  this  fragmentary  grinder,  certain  important  con- 
lO^i^ons  may,  I  conceive,  be  very  safely  drawn  from  its  structure. 
^  <^e  predominance  of  the  longitudinal,  to  the  exclusion  of  transverse 
Alleys  and  ridges  in  the  crown  of  the  tooth,  the  distinct,  though 
^t>t  starongly  marked,  crescentic  form  of  the  internal  division  of  the 
^<i<rth,  and  its  short  crown,  remove  it  from  the  teeth  of  any  known 
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Perissodactylc  Mammal,  and  lead  one,  at  oaee,  to  seek  its  anakgw 
among  the  Artiodactyla ;  and  of  these  the  Bnmhumts  akme,  so  ftr 
as  I  know,  offer  anything  like  it.  The  inner  grinding-siiifi»e  rf 
any  true  molar  of  a  Ruminant,  however,  ezhihitB  two  ridges  tad 
three  depressions;  while  that  of  the  Macrauchmiia  has  only  one  ridge, 
with  a  concave  shelving  depression  behind,  and  donbdesSy  in  tte 
perfect  condition,  another  in  front ;  in  other  words,  it  has  tbe  oon- 
tour  exhibited  by  one  of  the  hinder  premolars  of  a  Ruminant.  The 
inner  division  of  a  posterior  premolar  of  Anthenia  has  its  conutu 
inner  surface  undivided  by  any  vertical  depression ;  and  its  oater, 
posterior  margin  exhibits  no  marked  inflexion :  but  such  an  infleadfla 
exists  in  the  corresponding  teeth  of  the  Girafie  and  of  many  Deer, 
in  some  of  which  latter  a  vertical  groove,  dividing  the  inner  fsce 
into  two  convexities,  may  also  be  noted. 

I  am  of  opinion,  therefore,  that  the  tooth  in  question  is  a  poefte- 
rior  premolar,  and  that  it  was  constructed  upon  the  Ruminant  tjpe. 
In  this  case,  however,  the  dentition  of  Macrawhema  most  him 
departed  widely  from  that  of  the  Camelidas ;  for  there  were  oertsiBi^ 
two  teeth  with  flat  grinding  crowns  in  front  of  that  just  describe^ 
which  would  give,  at  least,  three  premolars  in  all,  or  as  many  ss«e 
found  in  ordinary  Ruminants. 

I  am  strengthened  in  the  conviction  that  there  were  as  msij  m 
'three  premolars,  by  the  rest  of  the  structure  of  this  interesting  69- 
ment.     Within  the  series  of  teeth  just  described,  in  fact,  it 


a  considerable  portion  of  the  roof  of  the  palate,  some  of  whose  ksr 
matter  i-emains.     At  a  distance  of  half  an  inch  from  the  inner  vil^ 
of  the  posterior  premolar,  a  longitudinal  sutural  line  traversee  tt^ 
whole  length  of  the  palatine  surface,  and  ends  abruptly  (in  fOSM 
quence  of  the  fracture  of  the  matrix)  as  well  behind  as  in  fat 
Its  posterior  end  is  1*2  of  an  inch  behind  a  transverse  line  drawi  eM 
the  level  of  the  posterior  margin  of  the  last  premolar.     Opposite 
behind  this  tooth,  the  right  half  of  the  pdate  is  marked  by 
might  hastily  be  taken  for  a  suture,  but  which  is  nothing  bat  a 
ture.  Rehind  it,  and  0*9  of  an  inch  in  front  of  the  posterior  end  of  tto 
longitudinal  suture,  two  curved  transverse  lines,  convex  fonririK 
which  I  believe  to  be  the  maxillo-palatine  sutures,  pass  into  ^ 
longitudinal  suture. 

Thus,  it  is  clear  that  the  palate  must  have  extended  back  fiir  1*8 
of  an  inch  behind  the  third  grinding-tooth. 

Supposing  this  tooth  to  have  been  succeeded  by  three  otfaemiHMiS 
length,  if  they  were  molars,  would  bo  probably  between  0*6  •>' 
0-7  of  an  inch,  it  follows  that  the  posterior  margin  of  the  peWe 
must  have  extended,  at  least,  as  far  Iwck  as  the  posterior  maigiB  rf 
the  s(>cond  molar.  This  is  further  than  it  extends  in  the  AmAni9 
(the  very  forward  extension  of  whose  palatine  aperture  is  exeep- 
tional  among  the  Artiodactyla)^  but  it  is  not  so  fiir  as  in  the  GbaA 
where  the  posterior  boundary  of  the  palate  is  opposite  the  auddli  ' 
the  last  molar*. 

*  The  attempt  to  diiTerentiate  the  ArtiodaeNta  and  PtHmodmcfifr  abnW4 
by  the  position  of  the  potterior  margin  of  the  bony  pakto  ie  faHaijinni    Oii* 
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This  backward  extension  of  the  palate  is,  so  ftir  as  it  goes,  in 
favour  of  the  view  to  which  the  consideration  of  the  dentition  and 
the  structure  of  the  occiput  leads,  viz.  that  the  cranium  of  the 
MacraucJienia  was  constructed  upon  an  essentially  Artiodactyle  type. 

The  following  are  the  dimensions  of  the  palate  and  teeth  of  Ma- 
rraut^itnia  Boliviensis,  and'  those  of  the  corresponding  parts  in  the 
Vicugna : — 

Macrauchenia.         Vicugna, 

Antero^posterior  length  J  more  than  2*0 1  c),o 

of  four  grinders ....   \  less  than     2*5  j 

The  narrower  palate  of  the  Macrauchenia  agrees  with  its  narrower 
occipat,  while  it  exhibits  the  same  general  correspondence  with  the 
Vicugna  as  has  been  met  with  in  the  limbs  and  vertebrae. 

Thus  I  conceive  that  an  attentive  examination  of  these  scanty 
remains  is  sufficient  to  prove  that,  when  they  were  imbedded,  there 
lived  in  the  highlands  of  Bolivia  a  species  of  Macrauchenia  not  half 
as  large  as  the  Patagonian  form,  and  hanng  proportions  nearly  as 
slender  as  those  of  the  Vicugna,  with  even  a  lighter  head ;  and  it  is 
very  interesting  to  observe  that,  during  that  probably  post-pleistocene 
epoch,  a  small  and  a  lai^e  species  of  more  or  less  Auchenoid 
Mammal  ranged  the  mountains  and  the  plains  of  South  America 
respectively,  just  as  at  present  the  small  Vicugna  is  found  in  the 
highlands,  and  the  large  Guanaco  in  the  plains  of  the  same  con- 
tinent t- 

The  structure  and  geological  date  of  the  genus  Macrauchenia  may 
serve,  if  taken  together,  to  point  an  important  palseontological  moral. 
Professor  Owen,  in  the  able  memoir  cited  above,  has  clearly  pointed 
out  the  remarkable  combination  of  Artiodactyle  and  Perissodactyle 
characters  exhibited  by  Macrauchenia,  which  unites  the  eminently 
characteristic  cervical  vertebrae  of  the  Artiodactyle  Camel idas  with 
the  three-toed  fore  foot  and  the  triply  trochantercd  femur  of  the 

arera^  it  is  doubtlees  true  that  the  bony  palate  extends  further  hack  in  the  former 
than  in  the  latter ;  but  the  bony  palate  extends  to  a  Une  joining  the  anterior 
edges  of  the  last  molars  in  Hyrax ;  while  in  the  full-grown  Goumaoo,  a  similar 
line  is  (H  of  an  inch  behind  the  posterior  boundary  of  the  palate. 

•  The  six  grinding -teeth  of  the  lower  iaw,  which  Professor  Owen  has  provi- 
sionally referred  to  Macrauchenia  (British  Association  Reports,  1846),  are  said 
to  form  a  series  0  inches  long.  A  series  of  six  such  teeth  of  the  lower  jaw 
of  Macrauchenia  BolimenMs  could  not  have  exceeded  4  inches  in  length,  and 
was  probably  shorter.  Under  these  circumstances,  the  heads  (as  measured  by  the 
teeth)  of  toe  two  species  would  be  in  nearly  the  same  proportion  as  their 
astragali,  and  in  very  different  proportions  from  their  cervical  vertebras.  This  is 
not  improbable ;  for  the  Vicugna  has  a  much  Hghter  head  than  the  Guanaco,  if  the 
cerrical  vertebne  be  taken  as  the  standard.  The  length  of  the  foiulh  cervical  of 
the  Vicugna  is  to  that  of  the  same  bone  in  the  CKianaoo  as  1 :  ly,  while  the  length 
of  the  b«id  in  the  two  is  as  1 :  1^. 

f  As  the  Guanaco  ranges  into  the  highlands,  it  may  not  be  a  too  sanguine 
pxpeetation  to  hope  for  the  future  discovery  of  remains  of  the  great  Macrauchenia^ 
also,  in  Bolivia. 

u2 
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PerissodactyJu  ;  and  with  an  astragalus  whichy  in  the  ftpparantcotin 
absence  of  any  facet  for  the  cuboid,  is,  I  may  affinn,  nuxre  7 
dactyle  than  that  of  any  member  of  the  orders  exoept  Hyrax^ 

None  of  the  older  Tertiary  mammah'a  can  prodSice  a 
claims  to  be  considered  an  example  of  what  has  been  tanned  "^a 
generalized  t}'pe"  as  Macrauchenia ;  and  yet  there  aeema  litfle  deoM 
that  the  latter  is  the  South  American  equivalent,  in  point  of  Mfjb^  of 
our  Irish  Elk ! 

Again..  Macrauchenia y  alone,  affords  a  suffident  reftitatiiA  cf  tta 
doctrine,  that  an  extinct  animal  can  be  safely  and  certainly  ] 
if  we  know  a  single  important  bone  or  tootik.     K,  up  to  thia  1 
the  cervical  vertebrae  of  Macrauchenia  only  had  been  known*  \ 
tologists  would  have  been  justified  by  all  the  canons  of  oompazatba 
anatomy  in  concluding  that  the  rest  of  its  organisation  wai 
lidan.     With  our  present  knowledge  (leaving  MacrauDkema  ( 
cervical  vertebra  with  elongated  centrum,  flattened  artioolar  ^ 
an  internal  vertebral  canal,  and  imperforate  transyerse  ]^ 
defmitely  characterizee  one  of  the  Camel  tribe  as  the  maiaapiiall 
do  a  Marsupial, — and,  indeed,  better;  for  we  know  of  recent  non-! 
supial  animals  with  marsupial  bones.   Had,  therefore,  a  block  < 
ing  an  entire  skeleton  of  Maerauchtniay  but  showing  only  1 
tions  of  one  of  the  cervical  vertebrse,  been  placed  before  an  { 
ho  would  have  been  as  fully  justified  in  predicting 
bi-trochantcrian  femora,  and  astragali  vrith  two,  Bubeqnal,  ao^li 
cuboidal  facets,  as  Cuvier  was  in  reasoning  from  the  inflected  ai| 
of  the  jaw  to  the  marsupial  bones  of  his  femons  OpoasDm.    Bm^  i 
all  that,  our  hypothetical  anatomist  would  have  been  wreng 
instead  of  finding  what  he  sought,  he  would  have  learned  a 
of  caution,  of  great  service  to  his  future  progress. 


EXPLANATION  OF  PLATE  VL 

Pig.  1.  Cervical  vertebra  of  Macrauekema  BoUffienm,  Hmlej; 
the  opposite  side,  pofltoriorly. 
1  a.  The  same  vertebra,  viewed  mm  in  fiK>nt 

1  6,  The  same  vertebra,  viewed  from  behind. 

2.  Astragalus  (left),  from  above. 

2  a.        „  „     from  below. 

2  b.        „  „     from  the  outer  ride. 

3.  Fragment  of  the  occipital  portion  of  the  cramain,  raitowd  in  i 

3  a.  The  same  fragment^  viewed  from  without  and  laterallv. 

4.  Part  of  the  upper  jaw  and  palate,  and  Utonl  vi0w(«)  of  the  cNwntf  At 

most  perfect  tooth. 

4  a.  Side-view  of  the  large  fragment  of  the  matrix  oontaimng  the  teifti  vtt 

the  smaller  fragment,  exhibiting  tlin  mi  oiiil  imprwrioiii,  adqpM  tsi^ 
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December  5, 1860. 

1  Salmon,  Esq.,  Ulverstone,  Lancashire;  Peter  Higson, 
of  H.  M.  Inspectors  of  Coal-mines,  Broughton,  near  Man- 
John  Spencer,  Esq.,  Bowood,  Wilis ;  Alexander  R.  Binnie, 
.,  7  Upper  Lansdowne  Terrace ;  George  James  Eustace, 
ndel  House,  Clifton  Road,  Brighton ;  F.  D.  P.  Dukinfield 
aq.,  Dukinfield,  Cheshire,  Arisaig,  W.  B.,  and  67  Eaton 
ind  Thomas  Baxter,  Esq.,  1  Castle  Place,  Worcester,  were 
jUows. 

lowing  communication  was  read : — 

Structure  of  the  North- Western  Highlands,  and  the 
ws  of  the  Gneiss,  Red  Sandstone,  and  Quartzits  of 
LAND  and  Ross-shire.  By  James  Nicol,  F.G.S.,  F.R.S.E., 
)r  of  Natural  History  in  the  University  of  Aberdeen. 

COKTKSTS. 

a,  and  object  of  paper.  Loch  Broom. 

leetone.  ,  Loch  Maree  and  Gkdrloch. 

}11  Sections.  Loch  Torridon  and  Loch  Carron, 

led  Sandstone  and  Quartzite     South  of  Skye. 

9.  '  General  considerations. 

Sections.  Distribution  of  the  Rocks. 

Ck>ul  and  Glen  Dhu.  Nature  of  Formations. 

(lasven.  Strike  of  the  Beds. 

'  Ass^t  and  Ben  More.  Mineral  character  of  the  Rocks. 

Section.  Conclusion. 

Craig-a-Chnockan. 

m, — In  a  paper  read  to  the  Society  in  1856,  and  pub- 
'ol.  xiii.  p.  17-39  of  the  Geological  Journal,  I  pointed  out 
he  features  of  the  Gneiss,  Red  Sandstones,  and  Quartzites 
n  such  prominent  objects  in  the  geology  of  the  north-west 
d.  I  then  proved  (contrary  to  the  opinion  previously  en- 
that  the  Red  Sandstone  of  the  North-west  Highlands,  and 
that  of  Loch  Broom  and  Applecross,  was  wholly  inferior 
rtzite,  which  rests  on  it  in  an  unconformable  manner,  and 
t  wider  to  the  east.  In  the  same  paper  I  showed  that  the 
1  Durness  limestone  forms  the  upper  member  of  this  series, 
he  supposed  higher  quartzite  of  Ben  More  is  only  the  same 
ifidng  from  under  the  limestone.  In  regard  to  the  rela- 
te quartzite  to  the  eastern  gneiss,  I  stated  that,  though 
le  sections  appeared  to  confirm  Dr.  Macculloch's  view  that 
m  Sutherland  two  formations  of  gneiss — an  older  below 
dte,  and  a  newer  superior  to  it, — ^still  the  presence  of 
t>cks  and  other  marks  of  disturbance  in  the  sections  I  had 
rendered  this  conclusion  less  certain  and  satisfactory  than 
nished.  In  order  to  determine  this  most  important  ques- 
ting the  entire  geological  history  and  structure  of  the 
ootland,  I  have  subsequently  visited  this  region  four  timeSy 
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and  examined  all  the  principal  sections  and  almost  the  entire  tnc 
of  country  from  tho  noith  coast  of  Sutherland,  to  Loch  Akh  la 
Skyo  in  the  south,  and  from  Caithness  on  the  east  to  the  Lewis  o: 
the  west.  I  now  propose  to  lay  the  results  of  these  investigatkia 
hefore  the  Society,  as  confirming  or  correcting  the  views  given  in  m 
former  paper.  This  is  the  more  necoBsary,  as,  whilst  some  of  m: 
statements  have  hecn  controverted,  other  statements  may  seom  t 
support  conclusions  which  I  now  fSsel  assured  are  erroneous.  Th 
wide  region  over  which  these  observations  extend,  and  the  gna 
importance  of  tho  questions  involved,  together  with  the  wei^t  < 
authority  opposed  to  the  views  I  support,  must  form  my  excnise  f( 
the  length  of  this  paper  and  the  fiill  details  given  of  some  sections. 
Ohjed  of  this  paper.-^Aa  it  may  render  the  hearing  of  the  specii 
sections  noticed  more  evident,  I  may  state  that  there  is  no  differau 
of  opinion  in  regard  to  the  first  part  of  the  series  of  formations  ) 
established  in  my  paper  of  1856.  All  observers  now  admit  that  the 
is  only  one  great  formation  of  Bed  Sandstone  on  the  north-west  coat 
resting  unconformably  on  gneiss,  and  covered,  in  many  cases  also  m 
conformably,  by  quartzite,  and  this  by  the  fossiliferous  limestone 
Durness.  But  the  further  order  is  matter  of  discussion.  I  regc 
this  limestone,  in  Durness,  Assynt,  Loch  Broom,  and  Loch  KeeslMir 
as  the  highest  member  of  the  dder  formations  in  this  region  (fig.  1 

Fig.  1. — Diagram-Bection  of  SuiJierland  and  Boss. 


d.  Limestone.        c^.  Focoid-beds.        cK  Qusrtxite.        h.  Bed  Sudsloiis 
a.  Crystalline  schists.  «.  Gnmulita  or  syenite.  /.  Fault 

On  the  other  hand,  it  has  been  affirmed*  that  it  is  overlain  by 
upper  quartz-rock  and  limestone,  and  that  these  are  in  turn  **  dsH 
and  conformably  covered,"  or  "  followed  symmetrically  upwards, 
mica-schists,  flagstones,  and  a  younger  gneiss."  This  paper 
designed  to  provo  that  no  such  clear,  conformable,  or  symmebn> 
upward  succession  is  to  be  found,  but  that  the  line  of  jmieli< 
where  this  conformable  succession  is  said  to  ocoor,  is  dearly  a  £ 
of  fault,  everywhere  indicated  by  proo&  of  fiaoture,  eontortifm  of  1 
strata,  and  powerful  igneous  actiont. 

Durine  Limestone. — ^Beginning  our  seetions  in  the  north,  the  fin 
that  of  the  Durine  limestone.  l%e  seetion  given  in  my  fbimer  pap« 
though  showing  the  true  genend  relatimis  of  the  beds,  most  be  e 

•  Sir  R.  L  Murchisoii,  'Siloris'  (3rd  edition),  p.  068.    See  also  MinraU 
"OntheSuooessionoftfaeOldflrBodaiin  the  Horttienimoel  OoontiM  of  S 
land,"  (^lait.  Joarn.  Ged.  Soe.  voL  XT.  p.  SSa;  sad  *<  Bq^lBBMntri 
ih,  vol.  ZTL  p.  216,  Ao. 

t  The  diAgnm  fig.  1,  oompnwd  with  the  nnikr  seetioa  fig.  S  ia  jbl  ! 
of  vol.  zri.  of  Quart  Joum.  QeoL  Soe.,  will  bra^g  out  tUs  difimes  or  vi 
more  dearly. 

)  Quart  Joam.  GeoL  Soa  vbL  xiii.  p.  S3,  fig.  6. 
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rectod  as  to  details  by  that  now  given* 
(fig.  2).  Beginning  at  the  western  extre- 
mity, the  magnificent  promontory  of  Far-out 
Head,  315  feet  high,  consists  from  top  to 
bottom  of  fine-grained  white  or  light- 
coloured  mica-slate,  in  thin  even  beds.  The 
dip  is  from  20°  to  25°,  or  rarely  35°,  to  E. 
;^°  S.  at  the  Head;  but  near  Old  Castle 
Point,  where  the  rock  is  also  darker  in  co- 
lour, always  to  the  north  of  east  (E.  25°-35° 
N.).  From  the  regular  dip  of  the  beds,  the 
thicknc:^  of  this  mass  of  mica- slate  must  be 
above  2000  feet  if  the  section  is  unbroken, 
and  not  less  than  1000  feet  if  a  fault  occurs 
between  Far-out  Head  and  Old  Castle  Point. 
In  mineral  character  it  is  quite  identical 
with  the  mica-slate  on  the  etist  of  the  quartz- 
ite  at  Erriboll,  and  with  the  mica-slate  of 
Mclness  on  the  Kyle  of  Tongue.  It  has  on 
this  account  been  said  to  overlie  the  Durine 
limestone ;  but,  after  repeated  careful  exami- 
nation of  the  sections,  which  arc  most  clearly 
exhibited  on  the  coast,  I  have  been  unable  to 
detect  the  smallest  trace  of  limestone  below 
the  mica-slate,  or  of  mica-slate  above  the 
limestone.  It  seems  impossible  to  believe 
that  a  mass  of  mica-slate,  at  least  1000  feet 
thick,  could  have  been  so  thoroughly  8we])t 
away  from  the  surface  of  the  limestone-field 
for  many  miles  in  extent,  had  it  ever  existed 
above  it. 

Xear  Balnakeil  and  Sangoe  Bay  the  mica- 
slate  appears  to  dip  under  the  limestone ; 
but,  as  shown  in  the  section,  it  is  cut  off"  from 
it  by  a  fault.  This  limestone  forms  a  great 
contorted  mass,  128  feet  high,  and  is  in  many 
parts  a  red-coloured  breccia ;  but  it  dips  on 
the  whole  to  the  S.E.  The  brecciated  struc- 
ture is  due  to  a  mass  of  hornblende-rock  or 
8eq)entine  which  rises  up  in  Sangoe  Buy» 
bringing  >\'ith  it  portions  of  altered  quaitzito 
and  mica-slate.  The  igneous  and  metamor- 
phic  rocks  extend  south  to  Loch  Calladalo, 
and  have  evidently  been  forced  up  through 

*  The  sections  in  the  following  paper  run  generally 
from  west  to  east,  and,  for  more  ready  oomparison, 
are  all  drawn  as  seen  from  the  soutli.  The  directions 
in  this  paper  are  also  true,  having  been  cxwrrected 
for  the  magnetic  variation,  which  m  Sutherland  is 
about  29^  W. 


the  limestone,  which  is  broken  and  oontortpd  near  Oiem*  Th^ 
stone  again  forms  the  coast,  interaected,  however,  hjr  anoQier  1 
8.  line  of  fault  at  the  Smoo  Cave.  Near  Sangoe  Beg  the  qpi 
appears,  forming  a  small  wedgenshaped  firagment,  and  is  repiei 
by  Mr.  Cunningham,  who  first  figuridd  the  seotioa,  as  dippn| 
formably  under  the  Hmestone*.  This  is  no  doubt  its  normal 
tion ;  but  in  this  place  the  rodm  are  separated  by  a  fimlt  and 
which  has  broken  up  the  qnarf^te  into  an  incoherent  h 
Beyond  Cnoc  Garrow  the  ^naiisite  is  sneoeeded  by  the  ridge  rf 
dividing  the  vale  di  the  Dionard  ftam  Loch  ErribolL  The  ridg 
S.S.W.,  but  the  strike  of  the  beds  is  nearer  N.W.  (N.  48''  W. 
the  dip  at  70""  to  85^  to  S.W.er  N.E.  It  is  everywhere  paw 
by  veins  and  masses  of  red  gnmite  and  homUende-rocky  m 
evidently  been  tilted  up  on  the  west  side  since  the  deposition  • 
quartzite,  which  rests  in  a  thin  and  often-intermpted  layer 
eastern  side,  sloping  down  to  Loch  EniboUf.  Small  firagme 
quartzite  also  occur  on  its  seaward  extremity. 

This  section  of  the  Durine  district  is  important,  as  pronin 
the  limestone  is  the  highest  formation  in  the  series,  and  is  no 
covered  by  higher  qxQulzite  or  miea-alate ;  these  rocks,  where 
in  the  centre  of  the  section,  being  evidently  brou^t  np  firam  1 
and  thus  underlying,  not  overlying,  the  lunestone.  It  also 
that  the  whole  district  is  broken  np  by  faults  nmning  firom  I 
to  S.S.W.,  and  that  the  massea  of  strata  have  generally  been 
up  on  the  west. 

Sections  on  Loch  ErriboU. — ^These  fiicts  serve  to  explain  the 
complex  sections  on  the  east  side  of  Loch  ErriboU.  The  first  cri 
(fig.  3)  runs  from  near  Camas-an-dnin,  in  an  east-byHMmth  din 

Fig.  3. — Section  of  CamoM-^an-^tMif  Lodi  IhrSboU. 

h 


d.  limestone. 
a.  Mica-  and  talc-slates. 


e*.  Fnooid-beds.  ei.  Quartiite 

«.  QnauIiteiWiUifinigBieDtsofdi 


acrass  the  ridge  to  Loch  Hope.  On  the  shore  south  of  Came 
the  strata  are  seen  in  their  regular  normal  order :  first  the  qn 

(c*)  in  ciir\'D(l  beds,  but  dipping  on  the  whole  to  AV. ;  then  (* 
fucoid-bedfl,  and  above  all  tht^  limestano  {d),m  brokoo  irregultir 
but  also  with  a  westerly  dip.    Tlie  Hmestoiie  forms  a  low  hiH 

•  CittinhjgbMn,  Gw^nostiotil  Accouist  of  Sutherljitid  in  PriBe  Essajf 
Highland  Society,  iro).  xiii.  {\^M)  p,  07.  and  plat*  7.  fig.  4.  This  ^ 
does  not  appeal'  in  m^  former  sectiot^,  wldch  yui^  fuftlier  souUi  tban  U  a 

t  Far  too  g^at  tbickne«s  is  apfigned  to  Ihiji  purt  *>f  tfic  qiuirtdte  ail 
fiectioD,  QiiHrt.  Jootd^  Geol  Soiv  vol,  liii.  p,  2^,  tig,  At\  J 
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rated  £rom  the  main  ridge  by  a  low  marshy  valley,  indicating  a  line  of 
fault.  This  fault  is  also  proved  by  the  quartzite,  with  its  characteristic 
inneUd-tubes  (Pipe-rock),  dipping  first  78°,  toE.  30°  S.,  and  then  70°, 
to  W.  10°  N.  On  the  main  ridge  the  same  quartzite  forms  a  great 
curved  face  of  rock,  dipping  at  50°-65°,  to  W.  33°  N.,  and  higher 
up  74°,  to  W.  25°  N.  The  top  of  the  ridge  consists  of  a  granitoid 
igneouB  rock  or  granulite  *,  in  part  overlain  by  quartzite.  This 
mass  or  vein  varies  firom  a  few  yards  to  above  a  fourth  of  a  mile  in 
width.  Beyond  it,  on  the  east  side  of  the  ridge,  mica-  and  talc-slates 
occur  in  tMn  regular  beds,  and  often  identical  in  character  with  the 
rocks  of  Far-out  Head.  The  prevailing  dip  is  15°  to  25°,  to  S.  30°  E., 
bat  varies  considerably  near  the  granulite,  where  the  beds  become 
contorted  and  interlaced  with  igneous  matter.  In  a  deep  valley  to 
the  north,  a  more  complete  section  of  the  interior  of  the  hfll  is  seen ; 
the  graniilite  widening  out  to  half  a  mile  or  more,  throwing  off  the 
strata  on  each  side,  and  involving  large  fragments  of  the  mica-slate, 
with  the  laminae  turned  in  various  directions.  As  these  fragments 
of  mica-alate  are  found  in  the  mass  of  the  igneous  rock  where  it 
rises  up  below  the  quartzite,  and,  of  necessity,  have  been  derived 
from  a  still  deeper  formation,  they  prove  indisputably  that  the  mica- 
slate  is  the  lower  and  older  rock,  and  therefore  cannot  normally 
overlie  the  quartzite. 

Further  north,  the  igneous  rock  widens  out  greatly  in  AmaboU 
^^,  and  has  produced  some  remarkable  changes  on  the  strata, 
•^us,  on  Camas  Bay,  in  the  continuation  of  the  fault  in  the  former 
J^ion,  the  quartzite  dips  at  53°,  to  S.  64°  E.,  and  apparently 
Wow  the  igneous  mass  of  the  hill.  But  the  openings  of  the 
^^^lid-tubes,  and  the  ripple-marks,  which  are  regularly  found  on 
l^e  upper  surface  of  the  beds,  are  here  on  the  lower  faces,  showing 
^t  ikere  has  been  a  complete  reversal  of  the  strata.     Still  proceed- 

Fig.  4. — Section  of  Dnum-an-tenigh,  Loch  Erriholl, 

Utilaiu  Ian.  Loch  Hope.    £. 


'mMi, 
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d.  Limestone.  c^.  Fucoid-beds.  c^.  Quartzite. 

X.  Granulite  (termed  "gneiss"  by  Mr.  Cunningham).    • 

^^  northwards  we  come  to  the  remarkable  section  of  Drium-an- 
^nigh  (fig.  4),  described  and  figured  by  Mr.  Cunningham  as  an 

*  It  is  difRcult  to  aarign  a  name  to  this  rock.  In  general  it  is  a  mixture  of 
compact  felspar  and  quartz,  often  with  an  imperfect  laminar  texture.  With 
these,  hornblende  or  talo  or  scales  of  "bronzite  become  occasionally  intermixed. 
But  in  other  places  it  passes  into  a  distinct  crystalline  binary  granite  of  ortho- 
clase  and  <|uartz,  or  into  felspar-porphyir  or  diorite,  and  where  in  contact  with 
hmeiftone  into  a  kind  of  -serpentine.  With  all  this  diversity  it  exhibits  a  com- 
manitT  of  cfaanujter,  more  easily  recoenized  than  described,  slong  the  whole  lino 
from  Whiten  Head  to  the  Sound  of  Seat  I  have  often  used  the  term  granuUte, 
as  the  moft  gmerally  applicable. 
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example  of  gnein  confbniialiLj  uiciljfing  tiie  1 
It  mig^t  be  suffideiit  to  state  thit  tlie  nA ' 
gneiss  is  the  intnuiTe  gnnnlite-iii^  of  tbe  kit  i 
illustrating  the  stroctore  of  tlw  eomitij 
necessary. 

At  Ueilam  Inn,  on  Loeh  Emboli  (%.  4^  tlw 
W-2(P,  to  S.  or  8.E.,  but  in  hnkea  fla 
peninsula  and  the  hill  on  the  mainland  to  about  tiie  liiioof  fltiai 
The  next  ridge  consists  of  the  qoaitnte,  dippmg  on  iSbm  irart  oiii 
(io^  to  W.  1</^  X.,  and  on  the  east  of  tiie  ndg»  44^  to  W.ri 
Crossing  a  small  YdJley,  the  qnartnte  Is  agam  aetm,  JippagW 
W.  lO'^  y.,  and  further  on  the  foand-beds,  di^wig  M^  to  &  4P1 
The  rocks  are  hidden  fiyr  aboat  100  yards  1^  gfan  and  dstahi 
bat  at  the  foot  of  the  cliff  the  same  beda  ciop  oat»  ^^VPIVS  ■  * 
place  at  20^,  to  E.  So^  S.,  and  in  another  at  6°,  to  8.  Itf*  ¥.  i 
already  stated,  these  beds  are  covered,  not  by  gnoM,  aa  k  M 
Cunningham's  figure,  but  by  the  giannlite  or  ermitivo  ndk  In 
ing  the  great  mass  of  the  hiO.  It  has  deariy  br^nn  thnqijlfl 
strata,  resting  in  one  place  on  the  fhooid-bedB^  m  anoHia'  oa  4 
(]uartzite,  and  further  east,  towards  Loch  Hope,  k  ovarina  I 
quartzose  beds  dipping  25^  to  £.  30^  8. 

The  relations  of  the  rocks  in  thk  section  are  quite  dear  aalofl 
histent.  No  overlying  gneiss  k  seen  in  it,  and  the  ansa  Ji 
is  separated  from  die  qnartnte  by  the  whoie  igneooa  nan  of  B 
Amaboll.  The  qnartnte  is,  however,  thrown  east  aa  &r  ai  la 
Hope  ;  and  the  junction  is  then  formed  partly  by  the  kkie,  p>iAr1 
the  River  Uopc  to  its  mouth.  In  the  hiUs  north-eaat  of  Si 
Ferry  there  is  another  outburst  of  igneooa  rodi:,  hara  ftlqpi 
porphyry ;  and  at  Whiten  Head  it  again  appean  in  gnat  im 
in  tlic  line  of  junction,  intruding  partly  on  the  qnaitnk^  I 
chiefly  on  the  old  slates  to  the  oast  In  thk  trodden  regini 
sc>ctioas  arc  best  seen  in  sailing  along  the  coast ;  but  one 
fact  is  decisive  of  the  true  rektion  of  the  mica-skte  and 
scries.  North  of  Loch  Hopo  Perry  the  fuooid-beda  and 
entirely  disappear,  and  only  the  lower  part  of  the  aeriea,  or  t 
(luartzitc,  comes  in  contact  with  the  eastern  gnein  or  ndoa-di 
lliis  is  the  necessary  result  of  the  beds  along  the  Hne  of  ii 
ha>ing  boon  more  exposed  to  denudation  in  the  north,  dniiag  1 
gradual  elevation  of  the  knd,  fi:om  the  wide  and  stonny  norfM 
ocean,  but  is  (juite  inexplicable  on  the  hypothesis  of  ininliail 
upward  succession.  It  has  indeed  been  asserted  that  fhk  is  I 
the  quartzite  below  the  limestone,  but  another  qnartnte  afaon 
That  this  is  not  the  case  k,  however,  proved  by  the  qioaitnle  ii 

•  See  Cuoningham,  Qeog.  of  Sntfaerlsad,  p.  90,  sad  pkte  &  fg.  9L  1km 
a  very  acute  obaerrer  ana  well  aoqasmted  with  foefa^  Mr. CBBBfaB|ghni| 
in  this  and  10010  other  inntsnesi  been  misled  bv  lbs  stnog  Wmamkm  Utai 
the  origin  of  oertak  roekswfaiah  he  enlertainea.  IkeonsMiannflflUilili 
enttidy  mistook  the  nsture  of  flMse  ignom  rook^  wUdh  wm  allapll#tt 


looked  until  I  drew  attenlion  to  tfam  k  the  BiUBUBMr  of  180BL 
of  the  aimiiar  rode  on  Loch  Hon.    Compaie  Volib  p,  91 
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^  ^'I'iiggy  passing  below  the  limestone  of  Hcilam  Hill ;  by  the 
•me  quartsdte  again  rising  np  from  below  the  limestone  on  the 
XQSt  near  Tor-a-\Ti ;  and  by  the  fucoid-beds  and  limestone  over- 
lying it  in  rc^:ular  order  in  several  places  south  of  the  road  to  Loch 
Hope  Ferry.  The  occurrence  of  an  upper  quartzitc  in  this  place  is 
Huu  not  merely  without  proof,  but  contrary  to  many  clear  sections, 
uid,  we  shall  soon  find,  has  no  support  in  any  other  locality*. 

The  junction  of  the  quartzite  and  mica-slate  in  the  hills  south  of 
wr  first  section  towards  the  head  of  Loch  Erriboll  ecjually  proves 
that  the  mica-slate  is  the  lower  formation.  In  this  place  the 
igneous  rock  has  generally  thinned  out,  or  rather,  instead  of  being 
ocmecntratcd  in  a  single  mass  or  vein,  becomes  intermixed  with  the 
lower  mica-  and  talc-slates  in  innumerable  fine  threads  or  lines. 
So  intimate  is  this  mixture,  that,  in  many  places,  it  is  difficult 
to  say  whether  the  rock  should  be  classed  as  igneous  or  stratified. 
^Occasionally,  however,  larger  masses  occur,  as  near  the  road  from 
^boU  to  Ault-na-harrow,  where  it  forms  a  boss  50  to  100  yards  in 
^^eter,  and  in  the  picturesque  rock  of  Craig-na-feolin.  Wheth(U' 
^*®centrated  in  mass  or  dispersed  in  threads,  the  igneous  matter  is 
^  more  abundant  in  the  lower  schists  than  in  the  quartzite,  the 
™<?i  hard  beds  of  the  latter  having  apparently  resisted  its  upwanl 
JJiJP^esB  and  thus  caused  it  to  spread  out  in  the  inferior  formation. 
I*"*  distribution,  therefore,  of  the  igneous  rock  is  another  proof 
*^  the  eastern  mica-slates  are  the  lower  formation,  as,  on  the 
^position  that  the  quartrite  was  the  lower  formation,  it  ought  to 
J']©  been  more  powerfully  invaded  by  the  igneous  rocks  than  the 
™t^  resting  upon  it  t. 

^^Us  intrusion  of  igneous  matter,  swelling  out  and  expanding  the 
'''^  schists  along  the  line  of  fault,  has  produced  some  complexity 
'  the  sections.  In  many  places  the  quartzitcs  and  mica-slate  dip 
Proximately  in  the  same  direction,  but  are  separated  by  a  fault, 
^Uently  marked  by  a  low  marshy  hollow.  A  more  interesting 
^tion  is  seen  in  a  small  stream  above  Erriboll  House  (fig.  5).  The 
*ljpcr  part  of  the  ridge  consists  of  talcose  mica-slates  (a)  interlaced 
rith  lines  of  red  felspar.     The  dip  near  the  top  is  50°-60°,  to  E. 

•  This  hvpotbefiu  of  an  upper  qoartzite  requires  not  merely  the  reix?tition  of 
beio-called  **  lower"  quartzite  with  ita  characteristic  annelid-tubes  and  peculiar 
lineral  characters,  but  also  of  a  second  group  of  fucoid-beds  and  a  second  lime- 
one,  identical  in  order  and  character  with  those  below !  But  if  such  upper 
ds  exist,  the^  ought  then  to  have  appeared  in  the  Whiten  Head  sections,  and 
or  abtenoe  is  thus  faJtal  to  the  notion  of  "  conformable  upward  succession  *' 
this  region. 

t  These  strata  (chloritic,  taloose,  and  micaceous  schists),  whatever  may  be  their 
tneral  character,  are  riddled  by  the  intrusive  rock,  and  in  parts  much  hardened 
id  altered." — Murchison,  North  Highlands,  Quart  Geol.  Joum.  vol.  rri.  p.  235. 
I  p.  233  Sir  B.  I.  Murchison  describes  them  as  "  interwoven  with  the  meta- 
Offrfiic  Lower  Silurian  strata,"  t.  e,  with  the  eastern  gneiss ;  and  also  affirms 
at  *'the  gnuutio  felstonesand  syenites  so  largely  developed  in  the  eastern  parts 
'  Aflynt  ....  rarely,  if  ever,  occur  between  the  limestones  and  the  upper 
uris,  bat  diiefl^  eitlier  in  the  latter  or  in  the  younger  or  overlying  flagstones  " 
K  2S0>y,    That  IS,  according  to  my  riew,  the  igneous  rocks  are  most  abundant 

tie  crystalline  tekitts  behw,  and  tn  (he  qxtartzite  where  in  contact  with  them. 


n,   Kk&-  Mtd  talc-dale^  with  grwukiid  f  t^zis. 

quartdte,  very  mdistinctJT  stratified,  bat  apparently  dipping  at 
to  8.  10''  E.,  and  resting  on  tlie  led  foooid-beds  (^)  dqpfog  irt 


to  £.  20^-90^  N.  Below  them  is  a  bed  of  hud  raddidi 
(cF)  dipping  35'',  to  £.  20^^  8. ;  and  further  down  the  i 
bluish-grey  limestone,  moch  fissnied  and  oontorted»  baft  widi  a  Ijp 
of  about  68^  to  £.  30^^  8.  The  limestxme  i^pean  to  fbrai  all  fljf 
under  part  of  the  hill  and  the  low  gniand  to  the  lodu  Iiftii* 
place  the  quartzite  appears  to  rest  on  the  limeatone  and  dip  bdi^ 
the  mica-slate,  but  liie  succession  of  the  groupa  showa  deulj  ttife 
this  is  the  result  of  an  upheaval  and  inTenion  of  the  atnta.  IkO 
regular  order  in  the  whole  north-west  of  Seotland,  from  'Oumm^ 
lioch  KocHhom,  is  quartzite  {e%  fdooid-bedi  (e^),  MidUmestoBeM^ 
and  wo  must  either  admit  tliis  inveraiony  or  make  the  impcdnH^ 
assumption  that  the  succession  of  the  d^wdts  has  been  ^m^^ll^ll■^f 
reversed  in  the  space  of  a  few  hundred  yards,  and  onfy  in  fba  VKf 
limited  zone  along  the  dedivity  of  this  ndge. 

The  same  relation  of  the  beds  is  seen  near  the  Anlt-na-hanav 
road,  though,  from  the  more  powerful  intnuian  of  the  igneous  loA, 
the  strata  are  more  irregular  in  dip  and  more  hi^y  eontorted  ] 
the  line  of  junction.  The  quartzite  is  so  oompaet  as  to  reasi 
calcedony,  and  shows  no  marks  of  bedding.  Hie  fbooid-bedi  lal 
limestone  are  in  some  places  nearly  yertical,  in  othera  moire  horiMB* 
tal.  The  fine-grained  taloose  mioa-slatea  also,  whiish  near  At 
quartzite  and  intrusive  rock  dip  at  86°  and  30^,  to  £.  60^  8.,  flafltfr 
east  dip  at  10°  or  5%  to  £.  or  K  15°  8.  Over  flie  hill,  town* 
Loch  Hope,  the  dip  beoomes  even  lower,  so  that  the  i 
the  strata  cause  them  in  many  plaoes  to  dip  to  the  west 

Overlying  Red  /S^omdilons  mi  QitarttUe  of  Temgrn." 
proof  of  the  true  suooession  of  the  fbrmafaona  in  flia  aorfk'^ 
Sutherland  appears  in  the  vieinilj  of  ToDgoe^  about  ej^  orJiK 


'•] 


KICOL N.W.  HIGHLA3n)8. 


93 


miles  to  the  east  of  the  sections  just  described.  On  the  east  side 
of  the  Kyle  of  Tongue  several  remarkable  masses  of  red  conglo- 
merate rest  on  the  gneiss.  These  have  hitherto  been  allowed  to 
lemain  in  the  Old  Bed  or  Devonian  formation,  though  separated 
from  the  nearest  undoubted  Old  Bed  strata,  on  the  east  of  Strathie, 
by  an  interval  of  eighteen  miles.  This  summer  (1860)  I  examined 
these  conglomerates,  in*  the  expectation  that  they  might  throw  some 
light  on  the  history  of  this  western  region.  They  consist  of  rounded 
or  angular  fragments  of  coarse-  or  fine-grained  gneiss,  mica-slate, 
granite,  felspar-porphyry,  and  vein-quartz ;  but  I  could  find  no  trace 
of  the  red  sandstone,  quartzite,  or  limestone,  which  now  form  the 
great  ranges  of  mountains  in  the  west.  This  entire  absence  of  any 
nagments  of  these  rocks,  which  have  formerly  covered  to  the  depth 
of  some  thousand  feet  a  tralet  of  country  forty  or  fifty  miles  wide 
and  more  than  a  hundred  miles  long,  and  not  ten  mUes  distant, 
Kerns  <  altogether  inexplicable  on  the  supposition  that  the  two 
deposits  are  of  widely  different  age — ^the  one  Cambrian  and  Lower 
Silarian,  the  other  Old  Red  or  Devonian.  The  conclusion  seems 
tiierefore  irresistible  that  these  Tongue  conglomerates  are  identical 
in  age,  as  they  are  in  mineral  character  and  composition,  with  the 
nd  conglomerates  and  sandstones  of  the  west  coast.  This  identity 
is  confirmed  by  the  occurrence  of  the  overlying  quartzite  on  Cnoc 
Criggie,  near  Loch  Laoghal.  The  greater  part  of  the  hill  consists 
of  tile  conglomerate  overlain  on  the  south  side  by  the  quartzite  in 
tiuck  irr^fular  beds.  The  preservation  of  these  interesting  firag- 
nents  seems  due  to  the  great  syenite-eruption  of  Ben  Laoghal, 
vhich  has  at  once  hardened  the  beds  and  preserved  them  from 
vonoval  by  denudation.  In  this  place,  therefore,  there  is  clear  evi- 
dence that  so  far  from  underlying  all  the  gneiss  of  central  Suther- 
^d,  the  red  sandstone  and  quartzite  of  the  west  are  again  found 
itttbg  upon  it  ten  miles  to  the  east  of  the  supposed  overlap. 

Loth  More  Section. — ^The  next  point  to  the  south  where  the  quartz- 
ite is  said  to  be  overlain  conformably  by  gneiss  is  near  the  north-west 
*d  of  Loch  More.  In  Mr.  Cunningham's  section  this  relation  of  the 
'^  is  very  distinct ;  but  on  the  ground  the  phenomena  are  quite 
''PPoeed  to  this  view,  as  shown  by  ^e  section  fig.  6,  the  residt  of  a 

FifiT.  6. — Section  on  the  South  Side  of  Loch  More. 
r.  ^  E 

Bea  Stack.  Craig  Dhu.  BenLeiok. 


«'.  Quartzite 


aa.  Chieim  with  granite  veins. 


Oranulite  (termed  "  gneiss  "  by  Mr.  Cunningham). 


Gneiss. 


•t^eful  examination  of  the  locality  in  two  separate  seasons.     At  the 
^«tem  extremity  of  Loch  More,  the  quartzite  (c*)  rests  in  a  long 


0  [  \'\:<H  i;ki)IN(.>;  of  tiik  (jkological  soritXY.  [Doc.  O; 

bold  cliir  on  the  giu-iss  {<(),  which  Ibriiis  Bou  Stack  and  the  moun- 
tainous region  to  the  west  coast.     Beyond  the  Lodge,  granuHte  like 
that  on  Loch  Emboli  breaks  up  through  the  qoartdte,  and  may  h 
traced  for  more  than  a  mile  along  the  upper  part  of  the  momUaiiu 
where  it  is  iroe  from  the  detritus  that  ooTers  the  slopes  nstr  tte  . 
road  and  loch.     Mr.  Cunningham  represents  this  rock  as  gneki*  i 
but  it  is  truly  unstratificd,  and  its  intrusive'  character  is  shown  \ty 
the  quartzite  ha\'ing  been  pushed  up  and  resting  on  it  in  Inokcn 
and  nearly  vertical  beds,  dipping  85°,  to  N.  40®  W.     Higher  up  the 
lake  this  igneous  rock  meets  the  gneiss  of  Ben  Leick,  exposed  in 
loft)'  vertical  cliffs,  and  dipping  first  20°,  to  E.  75°  N.,  and  ttea 
15°,  to  E.  30°  X.     On  the  south  side  of  the  ridge,  towards  StnUi- 
na«carrian,  the  gneiss,  full  of  igneous  veins  and  greatly  oontoiteiV 
has  quite  the  aspect  of  the  gneiss  round  Loch  Liver  and  Soourie,  \n% 
dips  at  40°,  to  £.  20°  S.     It  seems  merely  the  continoadon  of  tli^ 
beds  seen  in  the  west  part  of  the  section,  in  Ben  Stack.     That  fbera^ 
is  in  this  place  no  conformable  upward  succession  from  qoart&ta  U^ 
gneiss  is  proved  not  merely  by  the  dear  break  in  the  seotioa,  \ft't^ 
even  more  by  the  quartsdte,  which,  on  the  north  side  of  Loeh  f 
and  Loch  More,  has  a  thickness  of  800  to  1000  feet,  as  well  leeai 
the  front  of  Arkle  and  Foinaven, — on  the  south  side  of  these  1 
disappearing,  except  a  few  fragments  not  the  tenth  part  of  i 
thickness.     Tliis  is  the  nceessaiy  result  of  denudation  over  a  fine  c 
fault ;  whereas  no  amount  of  denudation  could  ever  show  less  f 
the  full  thickness  of  the  deposits  in  any  section  of  oonibnDsfal^^ 
strata.     As  shown  in  the  figure,  I  have  been  unable  to  detect  n^' 
trace  of  quartzite  or  limestone  on  the  cast  side  of  the  intranv^^ 
rock. 

LocJis  Glen  Coul  and  Glen  Dhuj  and  Ghuven. — ^The  qnartsl^.^ 
with  the  same  degraded  dimensions,  ranges  across  to  Loehs  i 
Dhu  and  Glen  Coult,  and  in  the  rugged  mountains  that  \ 
the  inner  recesses  of  these  noble  sea-lochs  is  said  to  be  again  i 
lain  by  gneiss.  This,  however,  is  a  mere  optical  deoeptiany  < 
by  the  rocks  being  seen  from  the  low  ground  or  the  sea ; 
quartzite,  though  dipping  eastwards,  only  abuts  on  the 
knolls  that  rise  up  behind,  and  is  generally  separated  firom  thorn  bj^ 
a  low  marshy  valley.  The  rock  too,  described  as  conformably  < 
hing  gneiss,  is  in  some  places  an  intrusive  syenite,  in  othein 
granitic  gneiss,  but  rising  up  in  nearly  vertical  masses  with  a  strike* 
at  right  angles  to  the  beds  on  which  it  has  been  said  to  rest.    lU^ 

*  It  seems  to  be  the  rock  thus  described :  "  Another  prominant  vsrieljf  [JC 
gneiss]  exists  in  a  rock  almost  entirely  compoaed  of  compact  felapar  udd  quAr 
arranged,  not  in  distinct  concretions,  but|  on  the  contrafj,  00  oloady  eauMflto^ 
that  their  linear  position  can  only  bo  detected  after  atmoapbarieal  aayiih  hM^ 
partially  abraded  the  felspar.    Thia  remarkabia  gneiaa  fcnma  aome  ttUa  on  tt^ 
south  side  of  Loch  More.*^ — Cunningham,  Geog.  of  Sotheriaad,  p.  97. 

t  In  the  geological  map  published  in  Ko.  &  of  the  Quart  Jouiil  QaoLfti*- 
(May  1860),  a  broad  band  of  "upper  quarti-roek  *'  ia  laud  down  in  tfiii  mfa* 
It  is  rather  remarkable  that  theae  same  rodca,  now  desoribed  aa  qnaHi-nM^  w^ 
quoted  as  a  true  overlying  gneiaa  both  fay  Maoeallodi  and  Gonnii^haHi  i^ 
stated  in  the  toit,  the  rook  is  gneiss  (but  not  overlying)  or  a  aymite; 
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is  well  seen  on  the  south  side  of  Loch  Glen  Coul,  whereihe  quartzite, 
which,  only  one  or  two  miles  south,  expands  into  the  great  mountain- 
group  of  Assynt,  has  heen  denuded  almost  to  a  single  bed. 

The  section  (fig.  7)  of  the  northern  side  of  Glasven  shows  the 
true  structure  very  dearly.     The  low  hills  on  the  west,  near  Kyle 


Fig.  7. — Section  of  Glasven, 


Fenj-ii»- 
csirn. 


Glaaven. 


<^^.  Qiuurtzite.  b.  Red  sandstone. 

eta.  Gneiss  with  hornblende. 


a.  Ghranitic  gneiss, 
s.  Syenite. 


oku  Ferry  and  Unapool,  consist  of  gneiss  and  hornblende-rocks,  the 

^^^tn  often  at  very  low  angles  (dip  12°  N.  15°  E).     They  are 

^^ered  by  red  sandstone,  sti-etching  south,  in  a  broad  terraced 

valley,  up  into  the  corrics  of  Queenaig.     This  valley  is  bordered  on 

^^^  south-east  by  a  precipitous  cliff   of  quartzite,   formed  by  a 

^^t    sheet  of  rock,  which,  sloping  down  from  the   summit  of 

Jweenaig,  folds  over  on  the  south  to  Loch  Assynt,  on  the  north  to 

p^^  Glen  Coul.     The  quartzite  is  well  seen  on  the  west  side  of 

-j^^-na-Ganvich,  where  the  bum  from  the  lake  has  almost  cut 

.    ^^h  the  cliff  in  a  deep  ravine,  and  forms  a  picturesque  waterfall 

Within  a  few  yards  of  its  exit*.     The  quartzite  dips  at  10°,  to  S. 

*^^  In.,  apparently  below  the  ridge  of  Glasven,  hitherto  represented 

**  ^^tirely  consisting  of  quartzite.     The  east  side  of  the  lake,  how- 

®^^^>  I  found  was  syenite,  intermixed  with  nearly  vertical  masses 

granitic  gneiss  running  N.  10°-15°  W.      This  rock  forms  the 

JT^^^le  north  side  of  Glasven  as  far  back  as  the  tarn  of  the  Corry 

^^1g.     The  high  bare  cliffs  on  the  south-east  of  this  small  lake 

^*^bit  a  beautiful  section.     The  northern  extremity  consists  of  the 

5^^^itc,  overlain  on  the  south  by  undulating  beds  of  quartzite  t. 

V^^%  rock  forms  the  summit  and  southern  slopes  of  Glasven ;  but 

^    syenite  passes  below  and  reappears  on  the  other  side  of  the 


^^Vintain. 


I  have  again  found  it  in  the  inner  conies  of  Ben 
^  ^Xran  and  Ben  More ;  so  that  it  probably  forms  the  axis  of  the 
^^^f)le  range  of  mountains.  From  the  Corry  Derg  it  extends  north 
•       Cnoc-na-Craig-Ganvich  and  the  head  of  Loch  Glen  Coul,  where 

J.  "^  We  hare  here,  therefore,  a  miniature  of  the  phenomena  of  Niagara  and  the 
"^^lierican  lakes.  The  erosiTe  action  has  only  to  proceed  a  few  yards  further  in 
^^tier  to  drain  the  lake ;  but  from  the  extreme  hardness  of  the  auartzite  this  ma^ 
^uire  a  very  long  period.— See  Sir  C.  Lyell's  Travels  in  North  America,  vol.  i. 

1>1>.  29-46. 

t  The  little  tarn  is  ahut  in  on  the  north-west  by  moraines  or  glacier-mounds. 

Ilicae  on  the  north,  opposite  the  syenite  cliff,  are  entirely  composed  of  syenite 

VHmlden ;  on  the  aontji,  where  the  cliff  is  quartzite,  of  quartzite  boidders,  with  a 

ikused  group  between. 
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the    granitic  gncLss   intermixed  with 
syenite-veins  is  seen  stretching  am 
to  the  ea8t»  hdaw  the  qnartdfce-bBii 
of  BenUieaadBmUanaiiyndcii-     I 
tmnons   with   the  g^uias  cf  Milal  v  J 
Satheriand.     Nothing  en  be  ■»' 
striking  than  flie  eontxaat  betmatwij-  - 
daik-greygneiasandhotnUende-Ndlt    > 
fonning  the  north-east  base  of  Am 
moontains  and  the  almoet  hrniwaM  - 
beds  of  brilliant  white  qnartdta^vliA 
rest  upon  them  for  mileB. 

As^fnt. — ^The  stmctore  of  iheAflpfc 
region  is  represented  in  flie  next  no- 
tion (fig.  8),  extending  from  Qaiiwyi 
on  the  west  to  the  sonih-eaat  duliiHMi 
of  Ben  More.  Hie  middle  of  the  ii»r^ 
tion  shows  tibe  strafta  as  seen  m  fl*- 
north  shore  of  Lodi  Aasynt  aaiia. 
Stronchrabie ;  bdt  in  the  badigiuml 
I  haye  sketohed-in  the  nocthen  mf* 
of  moontains  conneofcing  Qaeaiia%«^ 
Ben  More,  showing  the  '     ^ 

the  qoartiite  roond  the  whole 
stone-platean. 

The  first  fbrmatiotty  on  the  m/t,'^ 
the  gneiss  (a)  intermixed  wiilmniiC 
granite  and  syenite.    It  is  oofondlT 
red  sandstone  (6),  beantiftill; 
the  western  dedivities  of  ' 
and  this  by  the  qnartxite  («*) 
down  from  the  summit  of  flhB 
in  vast,  almost  nnbroken  sheets,   ii. 
well  seen  in  Skiag  B^un,  tte  di|iii 
about  lO^y  and  thus  probiAly 
formaUe  to  llie  red  sandstom 
thou^  the  great  fknlts  int 
the  mountains  and  flie  _ 
igneous  rooks  render   tiiis  ftot  IWr 
certain  than  I  formerly  thongjht.  Ahm 
it  come  the  fbooid-beds  (u^),  ^^d  our. 
them  the  limestone  (d),  Ifanniag  Al* 
whole   low   ground   norllL   ofLBdi. 
Asrait,  f^om  ffldag  Bridge  by  BtraadKi', 
ruble  to  the  fixyt  of  tihe  Ben  Itaa' 
mountains.     This 
hifl^iest  bed  in  flie 
where  troogjied  byflie 
this  fiwt  is  of  g 
as  it  has  been  afllrmed 
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qioartnte  and  limestone  occur  in  this  region,  a  few  confirmatory 
&ctB  and  sections  must  be  noticed. 

In  ascending  the  road  from  Skiag  Bridge  towards  Kyle  Sku,  the 
Ibeoid-bedB  and  limestone  may  be  seen  resting  on  the  quartzite, 
almost  to  the  summit  of  the  ridge.  Before  reaching  the  foot  of 
Glasven)  however,  they  thin  out,  and  the  quartzite  of  that  mountain 
and  of  Qaeenaig  form  one  continuous  mass,  as  shown  in  the  section. 
That  the  quartzite  of  Glasven  does  not  overlie  the  limestone  is 
forther  proved  by  no  trace  of  limestone  being  seen  in  the  Corry 
Derg  (fig.  7,  p.  95),  where  the  syenite  brings  up  the  bottom  beds, 
or  Iwtween  the  quartzite  and  gneiss  in  the  noble  sections  exposed  on 
the  north-east  side  of  that  mountain,  formerly  described. 

The  same  thing  is  sHown  by  the  section  from  Loch  Assynt  near 
the  School-house,  in  a  N.N.E.  direction  across  Cnoc-an-drein. 
^^  to  the  lake  the  quartzite  is  seen  cropping  out  below  the  lime- 
stone, which  forms  all  the  declivity  of  the  hill,  and  dips  to  E.  25°  to 
^  N.,  at  angles  ranging  from  20°  to  40°  or  more.  This  diversity 
oldip  iB  caus^  by  the  intrusion  among  the  strata  of  irregular  veins, 
or  lenticular-shaped  masses  of  trap,  of  which  I  enumerated  not 
;  fewer  than  eight  or  ten.  Near  the  top  of  the  ridge  the  quartzite 
si^ears  to  rest  on  the  limestone,  but  is  separated  from  it  by  veins  of 
f'^en  trap  and  of  dark  clove-brown  felspar-porphyry.  The  quartz- 
^  (Pipe-rock)  dips  first  E.  at  25°  to  35°,  and  then  higher  up  on 
"WHsan-drein  rises  to  75°  to  80°,  at  leng^  becoming  vertical,  with 
»  KK.W.  strike,  having  clearly  been  forced  up  by  the  intrusion  of 
^  syenite  (shown  at  »  in  figs.  7  <fe  8). 

■nie  inferiority  of  the  quartzite  to  the  limestone  is  even  more 

^'^^''ly  seen  in  the  Poulan-drein  Bum,  at  the  south-east  end  of  Cnoc- 

*J-drein ;  it  may  also  be  seen  along  the  whole  valley  of  the  Traligill 

"J^er,  almost  to  the  Bealach  at  the  foot  of  Ben  More.     Everywhere 

T^  limestone,  which  in  the  plateau  of  Stronchrubie  on  the  south 

*^  of  the  stream  dips  towai^  these  mountains,  is  found  to  form 

^^^clinal  axis,  and  on  the  north  side  to  dip  away  from  the  quartz- 

foli)  *  "^^  ^^y  obscurity  in  the  sections  arises  from  the  synclinal 

^^  in  the  limestone  being  conjoined  with  a  great  fault  in  the  quartz- 


a»t 


^hich  is  thus  brought  up  in  enormous  crushed  masses,  so  broken 


the  lines  of  stratifiQation  can  hardly  be  detected*:   this  is 


^^csially  seen  near  the  foot  of  Coniveal ;  but  in  no  place  have  I 


^i     ^rved  the  limestone  dipping  below  the  quartzite  of  these  moun- 

J  ^-^  the  line  of  the  section  no  such  obscurity  exists.     Immediately 

^^e  east  of  Loch  Maolack-Corry,  well  known  for  its  Gillaroo  trout, 

|5^  Stronchrubie  limestone,  continuous  throughout,  rises  up  into  a 

^i,  and  is  seen  very  disthictly  dipping  at  40°,  to  W.  40°  N.,  in 

^  ^  This  peculiar  combination  of  faults  with  STnclinals  (or  what  may  be  named 
'  fuilted-ijnclinal ")  is  very  common  in  Sutherland.  It  has  probably  been 
^^iMd  by  the  refractory  nature  of  the  quartadte,  which  was  more  easily  broken 
2^  beot  To  the  same  cause  we  may  ascribe  the  frequent  combination  of  a 
^^lih  l«r  bn>ken  and  brecdated  condition  of  the  rock)  with  one  or  both  of  these 
^^ilta  and  tTndinala. 
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sliji^htly  undulating  beds.     On  the  east  side  of  this  hill  the  limestoue 
rests  on  the  red  shales  or  fuooid-beds  (c^),  and  these  in  turn  on  the 
qoartzite  (c^),  dipping  at  20°,  to  W.  40^  N.,  and  lisin^in  great  cnrred 
beds  to  the  top  of  l£e  next  hill.    The  section  ia  so  clear,  and  tha 
correspondence  of  the  deposits  so  exact,  that  there  can  be  no  dodb/fc 
that  this  is  the  east  side  of  the  Queenaig  synclinal.    Still  stronger 
evidence  of  this  fact  may  be  obtained  by  tracing  the  qoartiite  akos 
the  shore  of  Loch  Assynt  and  up  the  Stronchnibie  TaUey*,  emry^ 
where  dipping  below  the  limestone,  till  it  turns  round  its  southoia. 
extremity  and  rises  up  into  Brebag.     From  this  mountain  tite 
quartzite  may  be  followed  along  the  bare  ledges  of  rock  nortli  to 
Ben  More,  and  thence,  as  shown  in  the  section,  round  till  it  again 
joins  that  of  Queenaig.  ' 

A  more  interesting  confirmation  of  this  peculiar  structure  of  the 
Assynt  district  (the  highest  of  its  formatioins,  filling  the  bottom  of 
the  valley)  is  ftirnished  by  the  drainage  of  its  waters.  Almost  all 
the  streams  from  the  lofty  north-eastern  mountain^,  from  Biebag^ 
Ben  More,  and  Ben  Uarran,  on  reaching  the  styndinal  line  in  ths 
limestone,  fall  into  swallow-holes  and  ^sappear  for  a  fonaidPiiHo 
space,  llie  whole  moor  is  dotted  over  with  round  pits,  some  diy, 
some  filled  with  water  at  the  bottom,  through  which  the  dndnigDis 
effidcted.  In  some  places  deserted  river-beds,  only  occupied  by  As 
water  in  rainy  seasons,  aro  seen ;  in  other  pLaoea  the  subtcRiOMia. 
torrent  is  heard  rolling  along  at  the  botUnn  of  a  deep  dark  om. 
Now  all  this  underground  drainage  is  directed  towards  Loch  AaBjot^ 
the  centro  of  the  synclinal,  proving  that  the  strata  dip  to  this  pwr 
and  not  north  or  east  below  Ben  More  or  firebi^.  The  water  ds* 
scends  throu^  the  limestone  to  the  quartiite,  and  ja  again  tfannnu 
out  on  the  surface  by  this  impervious  stratum,  often  in  very  eopo» 
springst- 

Thero  is  thus,  in  this  place,  no  <' upper  quartiE-rock  *'  resting  oa 
the  Stronchnibie  and  Assynt  limestone,  and  the  hilla  refarrad  to  ttii 
newer  formation  clearly  ccmaist  of  the  quartiite  below  the  limosfaJMi 
brought  up  over  an  anticlinal.  Singularly  enoq^  too,  aonu  d 
these  so-csdled  **  upper  "  or  "  newer  quarts-rooka  **  are  even  an  oUcr 
formation  than  the  lower  quartdte.  When  ATTMnining  CSudn  sad 
Queenaig,  I  was  struck  by  the  peculiar  aspect  of  some  of  the  hffls  OR 
the  eastern  side  of  Stronchrubie,  usually  classed  aa  quartate.  ¥nm 
their  reddish  colour  I  thought  that  they  probably  oonaiBted  of  Cslqir- 
porphyry,  like  that  of  Loch  Borrolan ;  but  on  examination  I  tend 
that  they  wero  formed  of  red  sandstone,  identical  in  oharaofeer  |riili 

*  In  my  former  paper  (Quirt  Joan.  QeoL  8oa  voL  ziiL  p.  85)  I 
the  Stronchrubie  limeBtone  and  the  imdflrhiiw  qmrtaitB  hadl " 
brought  up  b^  a  fault"    Serenl  faulta  in  the  fine  of  that  i      ' 
in  the  hoe  ot  the  Stronchrafaie  diif;  bnt^  as  dioiRi  in  tiie  ^ 
limestone  and  quartate  are  brought  up  rather  by  mtdnlatMiii  in 
the  eeneral  rise  of  the  aynolinal  than  fay  theae  iaolti.    Oooipan  Qpiaitb 
GeoL  Soo.  vol.  xri.  p.  221  (note  }). 

t  I  estimated  the  flow  of  the  "Bemarkable  Spring"  above 
7000  gallons  per  minute,  after  some  weeks  of  diy 


'ssa;' 
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that  of  Queenaig  and  Suilven.  In  the  comes  of  Ben  More  similar 
beds  occur,  resting  on  gneiss  or  mica-slate  (as  shown  in  the  section) ; 
and  there  can  be  no  donbt  that  this  is  the  true  western  Bed  Sand- 
rtone  ("CVimWan"  of  Murchison)  brought  up  in  the  centre  of  the 
ao-called  ''  upper  quartz-rock,"  and  that  the  synclinal  is  thus  com- 
plete m  all  the  formations  from  the  upper  limestone  to  the  lowest 
goeias. 

The  eastern  extremity  of  the  section  shows  the  true  structure  of 
Ben  More,  as  exposed  in  the  wild  corries  round  the  Dhu  Loch  More. 
Onnitic  gneiss  and  mica-slate,  with  intrusive  igneous  rocks,  form 
tbe  nucleus  of  the  mountain,  throwing  off  the  quartzite  all  around, 
tt  from  a  great  centre  of  eleyation.     Further  west  an  enormous 
inass  of  beautiful  binary  granite  rises  into  a  group  of  ru^ed  moun- 
to«,  quite  unlike  the  quartzite  with  which  they  have  hitherto  been 
Wttfbunded*.     Taken  in  connexion  with  the  Loch  Borrolan  por- 
Pfcyiy,  with  which  it  is  probably  continuous,  this  granite  must  pro- 
tee  most  powerful  disturbance  along  the  south-east  border  of  the 
f'J^rtiite  ;  and  we  can  easily  understand  how  observers  who  ignored 
^  OTeriooked  its  existence  should  mistake  the  true  relations  of  the 
^''itified  rocks  it  has  affected  t. 

XwA  Ailsh  Section. — ^It  is,  again,  affirmed  that  in  the  vicinity  of 
^b  Ailsh  and  the  higher  part  of  Strath  Oykill,  the  "  upper  quartz- 
[^  "  forming  the  Assynt  mountains  "  is  overlain  by  a  second  zone 
limestone,"  and  both  "  conformably  surmounted  by  upper  mica- 
^*^f  chloritic,  gneissose,  flaggy  strata ....  for  several  mUes  across 
®  strata^."  My  examination  of  the  locality  last  summer  (1860)  by 
'  means  confirms  these  views.  The  '*  upper  quartz-rock  "  is  simply 
^  continuation  of  the  quartzite  of  Brebag  and  Canisp,  and  the 
•^eond  zone  of  limestone"  merely  the  repetition,  in  a  denuded 
f*ln,  on  the  other  side  of  the  anticlinal,  of  the  limestone  of  Stron- 
^bie  and  Assynt.  Any  slight  change  in  the  colour  or  character 
the  strata  is  readily  accounted  for  by  the  intrusion  of  the  red 
^jAyry  of  Loch  Borrolan,  which  probably  at  no  great  depth  under- 
*9  the  rocks  shown  in  the  section  (fig.  9). 

This  section  begins  on  the  west,  at  Cnoc  Chaorinie,  with  a  hard 
ddiflh  or  clove-brown  homstone-porphyry  (x)  with  distinct  cry- 
ik  of  felspar,  but  probably  only  a  semifused  mass  of  the  quartzite. 

^  In  juBtioe  to  Mr.  Cimninehain,  it  must  be  stated  that  the  ereater  portion  of 
0  granite  mountains  lie  in  Boss-shire,  and  thus  b^^'^d  the  Umits  of  his  map. 
'  &  the  Quart  Joum.  GeoL  Soc.  vol.  xtL  p.  232,  it  is  stated  that  "no  ig- 
as  rock  has  yet  been  obserred  to  be  associated  with  the  lower  quartz-rock  of 
ynt  ;*'  and  tliat  the  "  large  orystiJled  porphyry  '*  of  Canisp  may  be  considered 
ir  llie  present  to  be  characteristic  of  the  Cambrian  age  in  the  North-western 
^ilanda."  In  1859, 1  found  that  this  very  beautiful  porphyry  not  only  breaks 
ogh  Uieqnartiite  of  Canisp,  but  forms  a  mass  more  than  a  mile  in  cUameter 
he  mme  **  lower  quarts-rock,"  within  a  few  hundred  yards  of  the  inn  of  Inch- 
Damit    It  is  thus  of  later  date  than  either  the  Bed  Sandstone  or  Quartzite, 

is  one  of  those  powerful  agents  affecting  the  relations  of  these  and  die  other 
ta  wfaif^  have  hitherto  been  overlooked. 

8b  S.  L  Morc^iison,  **  Supplemental  Obeeryations  on  the  North  of  Scot- 
ia" Qnait.  Joum.  GeoL  Soo.  yol.  xyi.  p.  223. 
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It  passes  up  iiit«)  j^rcat  masses  of  red  homstono  or  hardened  (luaruito 
(c*)  mixed  with  fragments  of  limestone,  and  dipping  very  irregu- 
larly at  about  20°,  to  E.  10°  N.     A  tarue  quartrite  su^oeeds,  dippog 

Fig.  9. — Section  near  Loth  Aihh. 

Cnoo-ChAorinie.  Alt-Blkf. 

PL 


Quartzitc.         c^.  Fucoid-bedB.        a.  Chlorite-flUite  and  gneut. 
x,p^^^.  Porphyries. 

^t  25°,  to  £.  10°  S.,  and  overlain  by  irregular  masses  of  red  loM- 
stone.     Bed  felspar-porphyry  (p^)  follows,  then  qnartzite,  dip|iiig 
at  35°,  and  then  the  fucoid  or  slaty  beds  (e*)  intercalated  wi^  rd 
limestone  and  quartzite,  and  dipping  at  43°  to  30^,  to  £•    Fttu^ 
over  a  low  ridge,  the  next  beds  seen  are  hardened  quart&te,  dippn^ 
at  50°,  to  £.  20°  S.     A  small  stream  descending  from  the  hill  mnk^ 
a  line  of  fault ;  and  beyond  it  bods  of  ohlorite-date,  beantiftilly  eon* 
torted,  and  resembling  marbled  paper  on  the  crosB-fractiirey  oeev- 
A  second  vein  of  red  felspar-porphyry  (p*)  follows,  and  then  fai^ 
grained  quartzose  gneiss,  dipping  first  20°,  to  £.,  and  then  40^,  to 
£.  40°  S.    From  this  point  to  Alt-Ellag  (a  distance  of  half  a  vSfi^ 
the  rocks  are  fine-grained  slaty  gneiss  in  undulating  beds,  bat  tto 
dip  gradually  falling  to  23°,  18°,  and  16°  at  the  Bridge.    The  8tB9 
fine-grained;  micaceous,  undulating  gneiss  continues  dawn  Staitt*- 
Oykill  to  Rosehall,  but  in  all  the  lower  part  of  the  valley,  beyond  A0 
influence  of  the  porphyry  and  granite  on  the  west,  haa  a  penisUA'^ 
N.W.  strike  and  S.W.  dip  (dip  46°-^50°,  to  S:  15°-25°  W.*). 

The  facts  just  stated  leave  little  doubt  as  to  the  tnie  idatioDi  ^ 
the  beds  in  this  section.  The  only  obscurity  ariaea  from  the  siiit^ 
being  much  concealed  by  soil  and  grass,  and  only  visible  at  intsmL^ 
where  they  crop  out  on  the  sur&ce,  and,  from  the  repeated  intraw*^ 
of  igneous  masses,  modifying  the  usuid  aspect  of «tfae  lookB.  Ih^ 
]ower  part  of  the  section  ia  evidently  the  quartrite  hardened  and 
altered  by  contact  with  igneous  rodcs :  the  centre  ia  no  less  pUnly 
the  fucoid-beds,  intermixed  with  some  thin  beds  of  red  limeiteBO 
and  quartzite.  Over  these,  had  the  series  been  complete,  the  duk- 
blue  or  grey  limestone  ought  to  have  appeared,  but  ia  wanting  iv 
this  place ;  then  follows  the  gneiss,  prolmbly  croahed  oat  of  iti  di^ 
minant  north-west  strike  in  the  lower  Strath  OykiU  by  the  introiflB 
of  the  western  porphyry  and  granite.  The  remarkable  change  in 
the  dip  on  both  sides  of  the  line  of  junction  proves  the  eziateiiM  of 
a  fault ;  but  the  absence  of  the  limestone  is  specially  fbtal  to  A* 
opinion  that  there  is  here  "  confonnable  upward  Baooeaaion."  lUi 
absence  is  the  more  remarkable  from  its  occuirence  in  fall  atwnift 
at  Elphin  to  the  south,  and  also  on  Loch  Ailsh  to  tiie  norfiL  I  iff 
lowed  the  limestone  along  this  north  line  till  it  wan  cot  oot  1^  A* 
*  Sec  alM  the  dipt  on  Canningham's  map. 
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gnnite,  bat  I  could  find  no  place  where  it  is  seen  to  dip  below  the 
gnoBS.  Even  in  the  deep  ravines  of  the  Alt-na-Caillich,  close  to  the 
liie  of  junction,  where  the  eastern  gneiss  is  exposed  for  a  thickness 
of  Borne  hundred  feet,  I  could  discover  no  limestone  below  it.  This 
k  the  more  remarkable  as,  from  the  enormous  protrusion  of  igneous 
neb  on  the  west,  some  such  anomalous  features  might  have  been 
expected  to  occur*. 

Elphin  and  Craig-a-Chnockan, — ^Having  now  noticed  all  the  sec- 
tions adduced  in  proof  of  the  eastern  gneiss  overlying  the  limestone 
ind  quartzite,  1  shall  pass  more  rapidly  over  some  others  in  the 
wuthward  extension  of  the  line  of  fracture,  though  not  less  in- 
teresting and  instructive.  To  the  south  of  Loch  Borrolan  and  the 
Strath  Oykill  road  the  country  is  flat  and  obscured  by  moss  and  drift, 
hat  the  Umestone  and  quartzite  appear  to  be  thrown  west  to  the  east 
end  of  Loch  Urigill.  The  whole  eastern  anticlinal  of  Ben  More  and 
Brehag  has  in  this  region  been  swept  away,  and  the  line  of  junction 
IB  in  the  continuation  of  the  syndinal  passing  through  the  Gillaroo 
Loch.  So  extensive  has  been  the  denudation  g$  the  overlying  quartz- 
ite and  Umestone  that  the  gneiss  is  ahnost  continuous  from  west  to 
(Mt.  True  granitic  gneiss  with  syenite-veins  is  seen  very  distinctly 
it  the  east  end  of  the  Camaloch,  whilst,  according  to  Mr.  Cunning- 
.hun,  gneiss  also  extends  from  the  upper  part  of  Loch  Urigill  into 
the  Gromalt  Hills. 

Bound  Elphin  the  limestone  is  very  well  seen,  resting,  as  usual, 
«  the  fiicoid-beds  and  quartzite  (dip  12^-15°,  to  E.  or  E.  10°  8.)- 
^Ritte  beds  are  very  fiiUy  exposed  for  some  miles,  and  their  relation 
to  tile  eastern  gneiss  clearly  shown  in  the  precipitous  cHff  of  Craig- 
i-Ohnockan,  below  which  the  Ullapool  road  passes.     The  section 

Fig.  10. — Section  on  the  UUnpool  Road,  near  Elphin, 

"'  CoolmoK.  E« 

Craig-ft-Chnockftn. 


ilimertonc         A  Fucoid-beds.         t».  Qiiartzitc.         A.  Red  sandstone. 
a.  Ghieias.  j*.  Granitic  vein. 

h*  10  shows  the  structure  of  this  place.  In  the  west,  Coulmore 
insists  of  the  Eed  Sandstone.  The  valley  below  is  quartzite,  ex- 
aiding  up  to  the  diff  of  Craig-a-Chnockan.  In  the  line  of  section  it 
ips  12^-15°,  to  E.  40°  8.,  and  is  covered  by  the  limestone.  Further 
Mt  the  limestone  rises  up  and  thins  out,  and  the  quartzite  comes 

•The  fectaon  fig.  5  ^p. 223  in  Quart.  Journ.  Geol.  See.  toI.  xvl),  though  said 
cwoiir  (o  the  eoat  of  Alt^EUas  (where  I  am  not  aware  that  any  quartzite  or 
MHooe  is  to  be  found),  probably  refers  to  this  locality ;  but  I  could  observe 
plMse  where  the  becb  rest  connefetedly  on  each  other  as  there  represented, 
rm  in  it»  however,  the  sequence  is  broken  by  '*  homstone-porphyry ;"  and  the 
fmnmm  limetfaiu"  ia  perhajM  also  an  intrusive  rock.  The  absence,  too,  of 
9  fuDoid-bedt  and  limestone  in  their  normal  form  b  opposed  to  any  regular 
wd  ■nocMrion  in  that  section. 
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to  the  surface,  followed  (itUl  to  the  east)  by  I 
much  ciured  and  ooatartod,  but  dipping  at  86^  to  60^,  to  B.  IP1 
In  this  line  a  thin  vein  of  gnudteorBTeniteylilDo  tfaatoBLodiBB 
boll,  intervenes.  Forthor  soath,  on  the  XHli^ool  xoad,  flw  Bat  i 
junction  intersects  the  front  of  the  vertioal  6btt,  and  the  stnftiH 
well  exposed.  The  quartnte,  dipping  at  5^  or  0^,  and  oonnd ) 
the  fucoid-beds  and  limestone,  comes  within  aibwyaida  of  the  ipi 
A  thick,  strong  bed-  of  the  qnaitiite  then  d^  down  at  12^,  m 
below  the  gneiss,  whilst  the  thinner  ftiooid-beds  above  aie  esii 
and  fractured  and  the  limestone  brcdran  saddenty  oft  The  U 
coloured,  thin-bedded  gneias  dips  at  20^,  imd  ia  traveimd  bj  iH 
merable  fissures,  filled  with  thin  lines  of  the  gianitio  rock,  noaii 
up  the  face  of  the  diff,  from  which,  a  little  to  tlie  8oatfa»  a  kq 
mass  of  trap  protrudes.  Had  the  strata  been  lesa  oleady  eipM 
the  gneiss  might  have  been  sopposed  to  overlie  the  qnartDie;  b 
the  fracture  and  contortion  of  the  beds,  seen  even  in  htfid-speciMi 
and  particularly  the  manner  in  which  the  limestone  and  ftieoid^s 
are  cut  out,  prove  that  there  is,  in  this  plaee,  not  ^eonftnid 
upward  succession,"  but  a  line  of  fkolt  witli  powerftil  latsnd  •■ 
pression. 

Loch  Broom. — ^The  next  point  to  the  sontfa  wheve  the  rooks  s 
weU  seen  is  the  vicinity  of  Looh  Broom,  described  in  my  fin 
paper*.  As  there  stated,  the  ^uartzite  is  cut  off  from  the  guMil 
a  thick  bed  of  intrusive  rock,  m  some  plaoes  a  ftlspar-poph jqfy 
others  near  the  limestone  inclining  to  serpentine,  but  gBMnI 
identical  in  character  with  the  rodks  in  the  same  poettian  ia  < 
previous  sections.  This  summer  (1860)  I  again  wit^  Lodi  Bno 
but  saw  little  to  add  to  my  former  memoir,  except  that  the  poiffe} 
or  igneous  rock  is  more  extensive  than  represented  in  the  seetiM 
and,  rising  up  in  a  wider  mass  below,  separates  the  eaatam  §m 
more  strongly  from  the  quartrite.  I  must  also  call  attention  to  \ 
fact,  exhibited  in  the  sections,  that,  whilst  on  the  north  Aon  1 
series  of  the  quartzite  group  ia  complete,  on  the  sonth  side  of  Lo 
Broom  the  limestone  above  haa  been  entirely  cot  out 

Loch  Maree  and  Oaxrlcek, — ^In  my  fbrmer  paper  Ideecribedsa 
sections  in  the  vicinity  of  the  Gainooh  and  Lodh  Ifttnae.  I  k 
since  examined  the  mountains  round  the  upper  portion  of  that  ■ 
beautiful  lake,  and  the  line  of  junction  between  the  ^piaitiile  i 
gneiss  with  some  care;  and  the  section  (fig.  11,  p.  104)  shows  thai 
as  seen  on  the  north  side  of  the  loch.  In  the  west  there  ia,  finl| 
red  sandstone  (5),  dipping  west  at  alow  an^  as  aeen  near  Boll 
and  the  Gfairloch.  Then  fi»llowB  the  gnetss,  as  fbrmedy  atated,  cl 
a  fine-grained  grey  rock  with  interodated  bedaof  mioiHdate,  in  1 
Lair,  with  homblende-atrata.  Near  the  head  of  the  lodi  tlia 
sandstone  cone  of  Sleugach  riaea  above  a  baaiaof  gneiaa^  temi^gi 
of  the  grandest  moontainB  in  tfaia  tmly  monntain-ngioaR.  1 
gneiss,  generally  red  or  grey  and  hi^y  erystalline^  idMiia  ai 
below  the  red  sandstone  dq^ped  70^-80^,toW.S0^B.,andlMMeJ 

•  Quart  Joam.  GeoL  Soo.  loL'iiii.  (16fi6)>  IS-Mnd  %al*ft^ ' 
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a  N.W.  strike.  Where  it  meets  the  red  sandstone  the  surface  is 
▼eiy  ragged  and  uneven,  and  the  beds  above  are  often,  as  noticed  on 
the  Gairloch,  a  coarse  angular  breccia.  The  red  sandstone  dips  15^^ 
to  8. 33°  £.  In  the  mountain,  east  of  Sleugach,  and  separated  from 
it  by  a  deep  ravine,  the  red  sandstone  is  covered  by  the  quartzite, 
which  continues  along  the  summit  of  the  ridge  to  Glen  Laggan. 
The  red  sandstone,  however,  forms  the  foot  of  the  hill  to  the  head 
of  the  loch;  but  farther  up  a  great  mass  of  igneous  rock  (s)  (a  fine- 
gnined  syenite,  or  rather  diorite)  forms  the  base  of  the  hill,  covered 
by  broken  masses  of  quartzite  and  limestone.  In  the  valley  of  the 
laggan  the  limestone  (d)  has  been  quarried  in  several  places,  dip- 
ping to  £.  20°  S.,  but  much  altered  by  the  diorite  (s),  which  forms 
a  wide  mass,  running  for  several  miles  along  the  valley.  The  other 
nde  of  the  vall^  consists  of  grey  granitic  gneiss  (a),  in  some  places 
more  quartzose,  in  others  fine-grained  and  micaceous,  and  dipping 
16^-^^  to  E.  30°-40°S.  In  the  low  ground,  however,  near  the 
mouth  of  the  glen,  grey  granitic  gneiss  occurs,  dipping  at  60°-70°,  to 
£•  45^  N.,  and  thus  witii  a  true  N.W.  strike,  tiiough  on  the  east 
■de  of  the  fault  and  of  the  quartzite*.  In  this  place,  though  the 
formations  are  only  separated  by  a  deep  and  narrow  valley,  yet  the 
^^lartdte  is  nowhere  seen  dipping  below  the  gneiss  on  the  east,  nor 
^  gneiss  resting  on  the  quartzite  on  the  west. 

b  the  low  ground  near  Einloch  Ewe,  the  gneiss  is  seen  in  the 

M  of  the  river  near  the  inn,  dipping  10^  to  S.  45^  E.,  and  about  a 

4^i^r  of  a  mile  west  the  red  sandstone  forms  some  low  rounded 

'^Ua.    The  intervening  spaM^  is  thickly  covered  by  detritus ;  but, 

^01  the  dip  of  the  beds,  the  red  sandstone  here  is  probably  in  con- 

^  with  the  eastern  gneiss,  the  limestone  and  quartzite  having 

*^n  entirely  denuded.     The  quartzite,  sloping  down  from  Ben  Ey, 

P^ers  the  red  sandstone  on  the  south,  but  at  the  foot  of  Loch  Clair 

/^  ^in  thrown  out,  so  that  the  eastern  gneiss  and  red  sandstone  are 

^it)Tight  into  contact.     The  same  relation  also  appears  to  occur  in 

fte  wild  country  towards  Loch  Carron.     Anyhow  we  find  in  this 

^^on  that  the  limestone,  forming  the  upper  portion  of  the  quartzite 

^68,  only  occurs  in  rare  fragments,  where  left  behind  in  the  de- 

liQding  process,  so  that  the  phenomena  are  quite  opposed  to  any 

theory  of  continuous  upward  succession. 

In  regard  to  the  relation  of  the  quartzite  and  red  sandstone  in 
this  r^on,  they  seem  to  be  generally  conformable  to  each  other.  I 
infer  this,  rather  from  the  view  of  the  two  formations  as  exposed  in 
the  mural  precipices  of  the  mountains,  than  from  direct  observation 
on  the  beds.  This  general  parallelism  is  very  marked  in  Leagach, 
(me  of  the  loftiest  mountains  on  the  west  coast,  and,  as  the  appear- 
ance is  the  same  whether  the  hill  is  looked  at  from  the  north  or 
south,  can  hardly  be  a  mere  optical  e£fect.  In  Ben  Ey  (a  mountain 
nearly  as  high,  but  more  picturesque),  the  same  parallelism  appears, 
and  is  the  more  striking  from  both  the  red  sandstone  and  quartzite 

*  It  mmj  thus  be  regarded  as  the  other  aide  of  the  anticlinal  to  the  beds  seen 
under  the  red  iudatoiie  of  Sleugach. 
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ing  been  tilted  over  towards  the  line  of  flEiult  on  the  east,  as  shown 
he  sketch*  fig.  12. 

g.  12.— iSec^'(m  of  Ben  Ey  and  Leagaeh,     Seen  from  the  north. 


c.  Quartsite.  b.  Bed  eandstone. 

och  Torridon  and  Loch  Carron. — Immediately  south  of  Loch 
"ee  and  the  Gairloch  lies  the  wild  unfrequented  district  of  Loch 
ndon.  On  the  shores  of  this  most  magnificent  sea-loch,  and  in 
lofty  mountains  that  surround  it  on  every  side,  there  is  some  of 
grandest  scenery  in  Scotland,  and  at  the  same  time  some  of  the 
t  instructive  geological  sections.  The  whole  structure  of  the 
intains  is  clearly  exposed  in  the  naked  precipitous  walls  of  rock, 
t  up,  layer  above  layer,  in  the  most  majestic  piles  of  masonry. 
V  geologists  could  traverse  this  region,  and  yet  believe  that  the 
it  Red  &indstone  formation  of  Applecross  and  the  West  Highlands 
superior  to  the  quartzite,  is  hard  to  understand ;  and  yet  this 
regarded  as  an  established  £act  up  to  the  publication  of  my  paper 
he  N.W.  Highlands  in  1856. 

he  lowest  formation  is,  as  usual,  the  gneiss,  well  seen  on  the 
ows  near  Sheildag,  where  its  dip  is  N.E.,  and  conmionly  at  a 
iderable  angle.  It  rises  to  a  height  of  2000  to  3000  feet  in  Ben 
pn  and  the  Gairloch  mountains,  but  is  in  most  places  hidden  by 
^  sandstone.  On  the  lower  loch  the  red  sandstone  generally 
irest  at  S'^  or  10°,  but  often  higher  near  the  outer  headlands, 
iany  places  it  seems  almost  horizontal,  as  in  the  lofty  moun- 
of  Leagaeh,  where  it  is  covered  apparently  in  conformable 
rpofiition  by  the  white  quartzite.  On  the  upper  Loch  Torridon 
iip  changes  to  the  east,  and  then  retains  this  direction  through- 
As  shown  in  the  section  (fig.  13)  of  the  mountains  east  of 
I  Torridon,  it  is  still  overlain  by  the  quartzite.  In  this  most 
^tfkable  section,  the  red  sandstone,  always  dipping  to  the  east, 
covered  by  its  capping  of  quartzite,  is  again  and  again  brought  up 
Bolts ;  and  this  not  only  on  the  summits  of  distinct  mountains, 
no  less  than  five  times  in  a  single  continuous  ridge.  Had  only 
i&ce-view  been  exposed,  as  each  fragment  of  quartzite  seems  to 
)elow  the  next  one  of  red  sandstone,  it  might  have  been  supposed 
the  rocks  alternated  with  each  other ;  but  no  such  mistake  can 
■Uide  in  this  place,  as  the  true  structure  of  the  mountain,  to  a 
h  of  some  hundred  feet,  is  dearly  exhibited  in  the  vertical  escarp- 

Hkii  rou^  sketch,  taken  from  the  plateau  on  the  north,  showa  only  about 
^  tme  elevation. 


ri; 


;ni 


HF 


.n  AL  >n(.ll.|V. 


i;i''iil>  of  tlio  iii'»uiitaiii.  and  repeated  with  equal  di.^tiiictue^.s  iii  :li'- 
corresponding  precipices  on  the  other  side  of  the  valley.     It  is  Im- 
pos-sible  to  give  verbal  details ;  but  the  figure,  imperfect  as  it  un- 
avoidably is,  represents  the  facts  more  distinctly  than  words.    It  La 
clear  that  the  quartzite  is  mere  fragments  of  the  upper  formation, 
brought  down  repeatedly  by  faults,  and  in  some  cases  even  forced  ia. 
below  the  inferior  red  sandstone  by  enormous  lateral  pressure.    Thifit 
very  clear  natural  section  thus  tells  us  the  structure  of  the  N.F  — 
Highlands,  and  the  true   nature  of  those  apparently  anomalous* 
sections  which  have  puzzled  observers  in  other  parts  of  the  Hnec^"^ 
junction. 

The  most  critical  point  of  the  section  is  at  the  eastern  extremity"  - 
where  the  red  sandstone  and  quartzite  meet  the  gneiss  or,  ratbt 
mica-slate.    Xear  this  point  the  quartzite,  still  resting  on  red  sand  — 
stone,  is  thrown  down  some  hundred  feet  below  its  former  level- 
Repeated  slips  take  place,  still  further  depressing  the  quartzite  an^^ 
red  sandstone,  the  latter  dipping  at  about  15°,  until  near  the  line  (►  ' 
junction,  where  both  the  quartzite  and  sandstone  dip  at  33*^,  to$*^ 
55°  E.     An  irregular,  but  nearly  vertical,  line  of  fault  here  separate^ 
thcni  from  the  mica-slate,  dipping  on  the  whole  at  40°  or  5C^,  toS^ 
or  S.E.,  but  in  some  parts  ranging  from  15°  to  60°,  and  dipping  i«= 
various  directions  from  N.E.  to  S.W.     It  forms  but  a  mere  coating' 
as  it  were,  on  the  front  of  the  hill,  and  is  in  part  intermixed  witfc 
compact  syenitic  rocks,  which  may  explain  the  irregularity  in  tL« 
dip  and  direction  of  the  beds.     In  this  place,  therefore,  there  is  n-o 
overlap  of  the  gneiss  on  the  quartzite,  but  the  two  formations  meet, 
end  to  end,  along  a  line  of  fracture.      It  is  also  noteworthy  that  in 
this  section  the  red  sandstone  does  not  thin-oat  before  the  quartzit«» 
as  in  some  of  the  northern  localities,  but  comes  up  almost  into  con- 
tact with  the  gneiss. 

Another  section  in  the  hills  between  LochCarron  and  Loch  Kecs- 
honi  (fig.  14)  exhibits  the  same  relation  even  more  clearly.    In  this 

Fig.  14. — Section  tiear  Loch  Carron, 

Rounta^.  Meal-nft-Damb. 


Quartzite.  b.  Red  sandstone. 

a.  Tulcosc  or  chloritic  schist,  with  granitoid  veins. 

place  the  quartzite,  resting  on  the  red  sandstone,  rises  into  some 
lofty  moimtiiins.  Near  the  line  of  junction  it  dips  at  50°  to  60°,  to 
E.  20°  S.,  but  is  fractured  and  broken,  and  small  fragments  of  the 
limestone  are  involved  between  it  and  the  talc  or  chlorite-alate. 
This  rock  is  much  intermixed  with  veins  of  red  granitoid  mfttter» 
and  dips  vcrj-  irregularly  at  angles  of  20°  to  30°,  to  E.  16°  to  4SP  8^ 
but  in  part  at  low  angles  nearly  north.     A  small  stream^  running 
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down  the  side  of  the  hill,  along  the  line  of  junction,  has  fully  ex- 
posed the  connexion  of  the  two  rocks,  but  in  no  place  could  I  find 
the  talc-slate  resting  on  the  quartzite.  Had  the  beds  been  continued 
in  the  dip,  so  as  to  pass  below  the  slate,  this  could  scarcely  have 
fuled  to  be  visible. 

In  my  former  paper  there  is  a  section  of  the  Loch  Eeeshom  lime- 
itone*.  I  have  since  examined  the  district  more  carefully  than  I 
was  then  able  to  do.  I  have  now  ascertained  that  the  limestone 
rests  on  the  quartzite,  which  in  one  place  dips  at  15°,  to  8.  40°  E. 
The  limestone  is,  as  usual,  more  broken  and  irregular,  but  near  the 
bridge  to  Applecross  it  dips  at  64°,  to  E.  8°  N.  The  talc-slates  on  the 
east  have  a  dip  of  20°,  to  E.  30°  N.;  and,  on  the  whole,  lower  angles 
than  those  given  in  my  former  paper  seem  to  prevail  in  these  beds. 
Granulite  and  hornblende-rocks,  however,  abound  near  the  line  of 
junction ;  and  I  was  still  unsuccessful  in  finding  any  point  where  the 
talc-  or  mica-slates  overlap  the  limestone  or  quartzite.  I  have  now 
no  doubt,  from  the  facts  seen  at  the  junction  in  other  places,  that  the 
limetitone  and  talc-slate  are  divided  by  a  line  of  fault.  The  occur- 
rence of  the  limestone  in  this  position,  though  quite  analogous  to 
what  is  seen  in  Assynt,  is  very  important.  It  lies  in  a  low  valley 
at  the  foot  of  the  red  sandstone  hills  of  Applecross,  more  than  2000 
feet  high,  and,  as  its  regular  position  is  above  the  quartzite,  it  must 
have  been  thrown  down  from  fully  3000  feet.  It  must  at  one 
time  also  have  been  far  more  widely  distributed ;  fragments  of  it, 
some  only  a  few  feet  or  yards  in  diameter,  being  found  in  many 
places,  let  in  (as  it  were)  along  the  line  of  junction  of  the  quartzite 
wd  crystalline  schists.  There  is  thus  evidence  of  a  most  enormous 
amount  both  of  disturbance  and  denudation  in  this  region ;  and  also 
proof  that,  where  the  quartzite  meets  the  talc-slates  or  gneiss,  with- 
oiit  the  intervention  of  the  limestone,  whatever  may  be  their  appa- 
nmt  relations,  there  cannot  possibly  be  a  true  conformable  upward 
succession. 

South  of  Skye. — The  section  of  the  southern  part  of  Skye  given  in 
^y  former  paper  (^,  7,  p.  31)  offers  similar  proof  that  the  red  sand- 
^^Qe  does  not  dip  under,  but  rests  unconformably  on,  the  eastern 
^eisg,  and  this  gneiss  dipping  S.E.,  and  identical  in  mineral  cha- 
"^rwith  that  of  the  mainland.  The  red  sandstone  dips  W.N.W., 
^  is  clearly  continuous  with  that  of  Applecross  and  the  North-west. 
'^6  section  is  so  dear  and  decisive  that  I  can  do  nothing  more  than 
^er  to  the  description  in  my  former  paper  t. 

General  Considerations. 
The  sections  now  noticed,  at  short  intervals  along  the  whole  line 
of  junction  from  north  to  south,  seem  quite  decisive  of  the  true  re- 
lations of  the  quartzite  and  eastern  gneiss.     They  have  not  been 
delected  as  more  favourable  to  my  own  views  than  others  that  might 

•  Qnwt.  Jonm.  Geol.  See.  vol.  xiii.  p.  29.  fig.  6. 

t  Quart  Joum.  QeoL  Soo.  toI.  xiii.  p.  31 .  In  the  sketch-map.  in  vol.  xv.  pi.  12« 
this  undcriying  sneiss  is  ooloured  and  lettered  tlie  same  as  the  so-oalled  oyer- 
Jjing  gneiH  in  Sutherland. 
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have  ))een  (.lio.scii,  but  are  those  brought  forward  as  the  proofs un 
which  the  opposite  theory  is  founded ;  yet  in  not  one  of  them  have 
we  found  that  regular  continaous  upward  Baooeesioii  wliidi  tlm 
theory  requires,  but  in  every  one  of  tfaem  irraptioDfl  of  igneooilB- 
tnisive  rocks,  and  other  indicationB  of  £uiltB  and  diatmtanoai  dB- 
priving  them  of  all  weight  as  evidence  of  regular  order*   Bm^ 
therefore,  I  might  have  left  the  question^  satiflfied  with  thk  4Vh1> 
to  special  sections ;  but  there  are  a  few  more  general  freto,  hm^ 
to  the  same  conclusion,  which  require  a  abort  notice.    In  order  ti» 
perceive  the  fiill  force  of  these  facts  as  bearing  on  the  preeentqiw— 
tion,  it  must  ever  be  kept  in  mind  that  this  region  has  undeigone  ^ 
most  enormous  amount  of  denudation — strata  of  at  least  2000  tc^ 
3000  feet  in  thickness  having  in  some  places  been  swept  away  froB*- 
thc  surface ;  consequently,  if  there  be  here  a  line  of  oaoibrmdfali^ 
overlap,  all  the  beds  that  dip  east  (the  so-called  <'  upper  gnm,^ 
the  limestone,  and  quartzito)  must  have  originally  extended  i 
further  to  the  west. 

First.  The  mode  of  distribution  of  the  rooks  is  altogether  i 
sistent  with  the  hypothesiB  that  the  eastern  gneiss  overlies  tte  i 
sandstone  or  quartzite.    The  red  sandstone^  with  a  width  from  ( 
to  west  of  thirty  to  fifty  miles,  is  seen  in  innumerable    ' 
8tomoway,  Cape  Wrath,  Assynt,  Gairloch,  Skye,  resting  ftr 
in  all  directions  on  the  gneiss.  So  also  the  quartote^  with  a  breadflto- 
of  ten  or  twelve  miles,  is  everywhere  clearly  seen  to  rest  on  flie  i  " 
sandstone.    Mile  after  mile,  from  north  to  south  and  east  to  ^ 
from  mountain- top  to  mountain-top,  from  valley  to  valleyy  this  i 
tion  may  be  traced.    And  thus  also  it  is  with  tike  limestone,  thoq^P^ 
this  formation  is  now  of  such  limited  dimensions.    In  everyloeili^^ 
where  it  occurs — Durness,  Erriboll,  Loch  MorOy  Assynt,  UUsipofll^ 
Loch  Maree,  Loch  Keeshom,  it  is  seen  resting  on  the  q[iiaiteitB^ 
This  relation  can  be  traced  round  and  round  isolated  masses  of  Him 
limestone,  and  across  synclinal  basins  of  miles  in  extent.     But  hinr" 
does  it  stand  with  the  next  step  in  the  series,  the  so-called  **  uppw 
gneiss ''  or  mica-slate  ?    This  gneiss  extends  for  fiftv  or  a  hmioM. 
miles  to  the  east,  and,  we  are  told,  conformably  overlies  the  q[iinti- 
ite  or  the  limestone,  for  a  hundred  miles  from  north  to  soafh ;  aid 
for  what  distance  to  the  east  or  west  of  the  line  of  junction  has  tids- 
ovcrlap  been  observed  ?  Nowhere  for  more  than  a  tiw  feety  or  jaris^ 
at  one  or  two  widely  separated  intervals,  has  this  overlap  ever  been 
oven  alledged  to  occur.    We  seek  in  vain  for  any  isdated  portiflB  of 
mica-slate  resting  on  quartzite  or  limestone,  on  the  west  of  this  fias 
of  supposed  overlap ;  and  it  is  as  froitiess  to  ask  which  of  the  thoa* 
sands  of  lofty  gneiss-mountains  on  the  east  reposes  on  a  basis  cf 
these  so-called  older  rocks.    Such  a  thorough  divenity  in  tins  stop 
in  the  series  from  all  those  that  precede,  and  from  all  the  known 
relations  of  overlying  beds  in  other  comitries,  proves  that  here  BD 
such  overlap  takes  place. 

Second.  The  diversity  in  the  strata  brought  into  oontaet  irift 
the  eastern  gneiss  proves  that  tiie  line  of  junction  is  along  a  ftal^ 
and  not  one  of  conformable  upward  sucoossion.    Where  a  ssriwrf 
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beds  rest  conformably  on  each  other,  no  amount  of  denudation  can 

Bver  alter  their  order,  or  cut  out  one  or  two  members  of  the  series ; 

but  along  a  line  of  fault  the  case  is  just  the  reverse :  always,  as 

ienudation  proceeds,  older  and  older  beds  wiU  be  brought  to  the 

urface,  and  thus  into  contact  with  the  gneiss.     This  will  be  readily 

indeistood  from  the  diagram  fig.  1.     As  drawn,  the  limestone  d  is 

hown  in  contact  with  the  eastern  gneiss  a.     A  small  amount  of 

Ienudation  would  bring  first  the  fucoid-beds  c^,  then  the  quartzite 

;^,  the  red  sandstone  6,  and  even  the  western  gneiss,  into  contact 

with  the  eastern  gneiss.     On  the  other  hand,  in  ike  contrasted 

section  (fig.  2,  p.  217)  in  vol.  xvi.  of  the  Joumai  of  the  Society,  it 

IB  evident  that  no  amount  of  denudation  could  ever  bring  the 

gneiffiic  flagstones  d^  on  the  east  into  contact  with  the  lower  lime- 

fltones  (^  or  quartzite  c^  and  still  less  with  the  Cambrian  sandstone  6. 

Bat  my  sections  show  (and  the  fact  cannot  be  disputed)  that  in 

lome  places  the  limestone,  in  others  (and  more  often)  the  quartzite, 

in  others  the  red  sandstone,  thus  come  into  contact  with  the  gneiss. 

^  a  marked  instance,  I  may  refer  to  Loch  Maree,  where,  in  less 

^  a  couple  of  miles,  all  these  relations  may  be  seen,  as  denudation 

^  been  more  or  less  extensive.   In  the  hill  on  one  side  of  the  valley 

'^  is  limestone,  in  the  low  ground  in  the  centre  the  red  sandstone,  and 

™®tt,  on  the  other  side,  the  quartzite.     How  **  conformable  upward 

^'icoession  "  can  explain  such  relations  I  cannot  comprehend. 

^Tkird,  That  there  is  here  a  line  of  fault,  and  not  of  conformable 
^^l4^,  is  proved  by  the  nature  of  the  formations.  Though  along 
*®  line  of  fault,  and  especially  where  the  disturbance  has  been 
l^t;  violent,  the  quartzite  is  often  much  hardened  and  semifused, 
•U  it  is  a  decidedly  fragmentary,  granular  rock.  The  gneiss  or 
^^^-slates,  said  to  rest  on  it,  are  no  less  distinctly  crystalline  in 
'^cture.  This  is  true  even  of  the  finest-grained  of  these  strata. 
^"Hr,  before  we  can  accept  the  theory  of  superposition,  this  feust  must 
^  explained.  That  a  truly  crystalline  metamorphic  rock  should 
^^  on  deposits,  thousands  of  feet  thick,  of  unaltered  sandstones 
^^  limestones  with  fossils,  is  so  improbable,  so  contrary  to  all  the 
^^^bHshed  principles  of  geology,  that  nothing  but  the  most  un- 
^Xibted  evidence  and  the  failure  of  all  other  methods  of  explanation 
^uld  justify  us  in  admitting  the  fact.  In  the  Alps,  where  such 
^^lerposition  of  crystalline  on  unaltered  strata  is  seen,  the  most 
^%tinguished  and  experienced  geologists  have  found  it  *^  necessary  to 
^mit  that  the  strata  had  been  inverted,  not  by  frequent  folds  .... 
^t  in  one  enormous  overthrow,  so  that  over  the  wide  horizontal 
^^a,  the  uppermost  strata,  which  might  have  been  lying  in  troughs 
»^  depressions  due  to  some  grand  early  plication,  were  covered  by  the 
ateral  extrusion  over  them  of  older  and  more  crystalline  masses*." 

•  Sir  R  I.  Murchiaon,  **  On  the  Structure  of  the  Alps,  Ac.,"  Quart.  Geol.  Joum. 
roL  ▼.  p.  248.  I  need  hardly  say  that  no  locality  is  Imown  to  me  in  Scotland 
Rrfaere  theciyBtalline  strata  overlie  the  limeetone  or  quartzite  in  the  clear  manner 
ihotm  in  thie  section  (fig.  28,  p.  246)  to  which  the  above  extract  refers.  The 
phenomena  in  tome  parts  of  Sutherland  are  more  closely  represented  by  fig.  4, 
p.  18C^  fig.  10,  p.  208,  and  fig.  19,  p.  209,  of  the  same  valuable  and  instructive 
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A  comparatively  vorv  .small  uniouiit  of  inversion  and  extrusion  of 
older  crystalline  masses  will  suffice  to  expLain  any  of  the  Scottish 
sections,  even  as  drawn  and  described  by  tiie  advocatee  of  an  am- 
lying  <<  younger  gneiss."  That  aacfa  inyenion  and  eztmika  of 
older  masses  on  younger  (though  not  of  gneLsa  on  qnaitiite)  di 
occur  in  this  region  of  Scotland,  and  dose  to  thia  line  of  fSmlt,  ■ 
shown  in  the  section  of  Sailmhore  (fig.  IS,  p.  104) ;  and,  until  aoM 
rational  theory  is  produced  of  the  mode  in  which  an  overijii; 
formation,  hundreds  of  square  miles  in  extent  and  thonaands  ol&d 
in  thickness,  can  have  been  metamorphoaedy  whilst  the  nnderiying 
formation,  of  equal  thickness  and  scarcely  less  in  extent,  haa  esoqied, 
we  shall  be  justified  in  admitting  inversions  and  extmaion  eqntl  to 
those  in  the  Alps. 

Strike  of  the  beds, — ^Two  general  facta  have  been  addnoed  in  ynsi 
of  the  diversity'  of  age  of  the  gneiaa  on  the  west  coast  of  Suthsdnl 
and  that  forming  the  interior  g£  the  country — ^the  divensity  in  strike 
and  in  mineral  character.  Now  it  is.  evident  that  the  relative  age  of 
the  gneiss  in  these  two  regions  is  an  entirely  diffiorent  queaiiaii  tnm 
the  question  whether  or  not  the  eastern  gneiss  overlies  the  quaitata 
I  have  more  than  once  stated  that  the  gneiss  of  SooUand  probal^  be- 
longs in  part  to  distinct  geological  periods,  and  have  speoallj  pomfeel 
out  '<  the  great  tract  of  gneiss  with  associated  qnaitiite  and  limewtaM, 
stretching  from  Aberdeenshire  through  Perthshiie  to  the  Breadil- 
bane  Highlands  of  Argyleshiro,  as  a  newer  formation*.''  And  Baoh 
newer  bods  might  also  occur  in  Sutherland  and  vet  not  overiie  As 
quartzite.  In  regard  to  the  strike  of  the  gneiaa,  I  mentioned  in  ny 
former  paper  that  in  the  western  region  **  its  general  dinotion  was 
to  the  N.W.,*'  whereas,  as  Maccullooh  had  long  before  stated,  in  tha 
centre  of  the  country  it  was  more  commonly  **  to  the  soath  asst 
wardt."  But  this  distinction  is  not  nniversaL  The  mica-slate  cf 
Far-out  Head  dips  to  the  S.E. ;  and,  as  Mr.  Cunningham  ahew^ 
the  gneiss  i*ound  Canisp  and  Suilven  has  also  a  N.E.  atzike,  and  a 
similar  strike  with  S.E.  dip  is  common  in  the  south  of  the  LeML 
On  the  other  hand,  a  N.W.  strike  prevaiU  in  Strath  Oykill  and  Ika 
lower  part  of  Loch  Shin,  and  in  Eoss-shire  similar  diversity  oooon. 
This  sudden  and  entire  change  in  the  strike  of  the  rooks  in  dilfctwt 
parts  of  the  Highlands  is,  however,  a  vexy  marked  featore,  and  is 
clearly  connected  with  that  peculiarity  of  strootuie  exhibited  by  the 
previous  sections.  The  country  does  not  consist  of  one  large  mass 
of  strata,  but  of  fragments,  irregular  in  form  and  of  mora  or  laas 
extent,  and  each  subject  to  its  own  laws  of  podtion.  llieiy  may  be 
well  compared  to  the  shoals  of  ice  seen  on  a  river-bank  in  apri^g^ 
each  turned  in  its  own  direction,  with  little  refiarenoe  to  fbe  fta^ 
ments  beside  it. 

There  can  be  no  doubt,  however,  that  the  ooontry  haa  undaigaie 
a  very  general  disturbance  subsequent  to  the  deposition  of  the 


*  Not«  explanatory  of  the  GeoL  Mh>  of  Sootiand,  pp.  2^8;  and  fSbrnt 
engraved  on  the  Map.    See  alK>  "On  the  Slate  Booka  of  BMdslo^  Ae.,**  QHvi 
Joum.  G«ol.  See.  vol.  zv.  p.  110. 

t  Quart.  Joum.  G«oL  »>o.  voL  ziii  pp.  35,  37. 
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(joartzitey  throwing  it  over  in  large  fragments  to  the  S.E.,  indepen- 
dent altogether  of  the  present  strike  or  dip  of  the  beds.  This  is 
dearly  shown  on  the  west  side  of  Loch  Erriboll,  where  the  quartzite, 
with  the  inferior  gneiss-plateau  on  which  it  rests,  have  both  a  dip 
to  the  S.E.  This  is  also  true  of  the  great  plateau  of  gneiss  on  which 
ve  must  suppose  the  quartzite  of  Foinaven  and  Arkle,  now  dipping 
at  20^  to  the  8.E.,  to  have  been  laid  down  in  nearly  horizontal 
masses.  So  also  on  Loch  Maree  and  Loch  Carron,  there  is  evidence 
of  the  upturn  of  the  formations  in  enormous  fragments.  Further 
east,  the  same  overthrow  of  the  masses  from  the  N.W.  is  evident  in 
the  form  of  the  hills  and  in  the  position  of  the  newer  formations  of 
tiie  east  coast.  The  cause  of  this  most  remarkable  convulsion  must 
be  sought  in  some  more  powerful  agent  than,  any  of  the  masses  of 
igneous  rocks  now  visible  on  the  suifEtce  in  this  part  of  Scotland. 

Mineral  character, — ^The  diversity  in  the  mineralogical  character  of 

the  rocks  has  also  been  often  alleged  in  proof  of  the  overlap  of  the 

ssstem  gneiss.     Now  it  must  be  stated  that,  though  Dr.  Macculloch 

«Joured  the  whole  of  central  Sutherland  as  gneiss,  yet  Mr.  CJunning- 

bsmieoognized  that  some  portions  of  it  were  mica-slate ;  and  the  same 

^^ction  appears  in  subsequent  maps.     In  comparing  the  gneiss  of 

^  east  with  that  of  the  west,  such  mica-  and  chlorite-slates  must 

^wuise  be  set  aside,  though  it  is  undoubtedly  true  that  they  are 

Q^te  as  crystalline  in  texture,  and  as  distinctly  separated  from 

^  true  sedimentary  formations,  as  the  gneiss.     In  regard  to  the 

f^^  itself,  Mr.  Cunningham,  undoubtedly  both  a  competent  and 

*"  unprejudiced  observer,  states  that  "  the  mineral  characters  of  , 

"^  "  (the  eastern  gneiss^  which  he  believed  to  overlie  the  quartzite, 

•^  the  western,  which  underlies  it)  "  are  essentially  the  same*," 

^  expressly  affirms  that ''  he  has  never  found  any  indications  of 

'^'^^^kanical  action  on  its  individual  constituent  minerals  t."     It  is 

^  doubt  true  that  **  homblendic  varieties  of  gneiss  are  very  cha- 

''"^^ristic  of  this  formation  in  the  west  of  Sutherland  J;"  but  the 

'^^  usual  kinds  also  occur,  and  in  the  Gairloch  district  its  general 

"^f^^t  "  is  a  light  or  dark  grey,  finely  granular  rock,  interstratified 

^l^  beds  of  mica-slate §."     In  Far-out  Head,  again,  it  is  a  true 

!?^^^-8late,  identical  in  mineral  character  (as  it  is  also  in  dip  and 

r^^tion)  with   that   on   Loch  Hope  and  the  Kyle  of  Tongue. 

^    the  other  hand,  rocks  quite  as  homblendic  and  as  thoroughly 

'^^tic  in  character  are  common  in  the  eastern  gneiss-district. 

^^^  rocks  may  be  seen  near  Strath  Naver,  Strathie  Point,  and  on 

r^  borders  of  Caithness  in  Sutherland ;  at  Auch-na-Sheen  and  Loch 

'^^lon  in  BodB-shire,  and  at  Glen  Elg  and  Isle  Oronsay  in  Skye  in 

^Xremess.      Further  east,  in  Banff-,  Aberdeen-,  and  Kincardine- 

l^ires,  they  are  perhaps  the  more  common  varieties.     In  truth, 

'His  peculiar  character  of  the  rock  has  no  relation  whatever  to  its 

^  or  locality,  but  only,  it  would  appear,  to  its  proximity  to  the 

*  **090g.  of  Sutherhmd,"  Trans,  of  Highland  Sodetj,  vol.  liiL  (1839)  p.  101. 

t  lb,  p.  m 

t  Kiool,  **  QuartzitM  of  N.W.  Scotland,"  Quart.  Joum.  Q«oL  See  vol.  xiiL 
U857)p.ai  ilb,^.28. 


^c^t  foci  of  igneous  action*  Wliererver  wb  find  granitie  aud^- 
enitic  eruptions,  there  the  gneisfi  appears  in  these  more  tmm^ 
crystalline  and  homblendie  forms.  Any  peraon  who  exammes  tb 
western  gaei^  carefitUy  will  find  these  vanetiee  prevailing  only  in 
places  where  intrusiTo  granite  and  syenite  rocks  abound,  as.  f<>r 
instance,  near  Soourie  and  Loch  Inveer ^  in  parts  of  1^wi»  &nd 
Harris,  and  on  Loch  Greinord,  And  it  }b  these  introsi^^  ignBOui 
rocksj  or  rather  the  interior  masses,  of  which  those  veiniF  are  th« 
mere  external  lEdicationflj  which  have  expanded,  and  tilt-ed  up  thi 
western  gneiss,  and  thus  produced  that  line  of  fault  and  comprw- 
sion  which  I  hayo  pointed  out  in  the  sectionfl  above  described.  So 
far,  therefore,  from  furnishing  any  objection  to  the  theory  JDm- 
twined  in  this  paper,  the  fact  that  tiie  western  gneiss  has  been  thofi 
powerftilly  interlaced,  swollen  out,  and  modified,  by  veins  and  bed* 
of  red  granite,  syenitCj  and  other  hornblende- rocks,  by  " 
a  veritable  and  sufficient  cause  for  the  fraotupe  and  disturbance 
served  along  the  line  of  junction,  adds  one  more  proof  of  its 

It  is  often  assumed  that  the  fine-grained  gneiss^  mica-slate,  anil 
day-slate  are  younger  than  the  ooaTse-grained  gneiss  and  hors- 
hmde-- rocks ;  but  on  what  grounds  I  have  nowhere  seen  stated.  Li 
the  Southern  Grampians  I  have  shown  that  the  very  reverse  reUtioi 
prevails,  and  that  the  clay-slates  imd  mica-slates  may  be  M«n 
troughiQg  the  central  gneiss  both  on  the  south-east  and  iiortIi<- 
went.  We  se^  this  along  the  great  line  of  fracture  intc^^secting  tbf 
primary  formations,  from  the  Murray  Firth  to  the  linnhe  Loch,  ml 
still  more  on  the  southern  mai^  of  the  Grampians,  This  remari- 
able  line  of  fracture,  dividing  the  Old  Bed  Sandstone  from  the  pri- 
mary formations,  is  the  eaact  oounterpart  of  the  great  line  of  fmcturt* 
now  shown  to  exist  in  the  north-west.  As  in  the  south,  we  find  it 
bringing  up  iine-grained  gneiss,  tnica-  or  talc-slate,  and  even  ckjr- 
slate,  succeeded  farther  to  ijie  east  hf  coarse-grained  aod  homblentiic 
gneiss. 


s  and  Deo* 

irbanoeoMfl 

its  trutL  V 
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Before  concluding^  I  must  state  t^at,  even  had  it  heen  pn>ved  thai 
the  mica-slate  or  fine-grained  gneiss  of  Sutherland  truly  orerkpe 
the  quart zite,  and  that  this  overlap  is  the  result  of  subsequent  de-^ 
position,  the  fact  would  not  hear  out  fhe  ooneliuioiis  that  hftfa  bcM0 
deduced  from  it,  or  establish  that  entiro  revolution  in  Soottiih  gaolog^ 
which  has  been  supposed,  fooof  womld  still  be  wanted  Ibat  ih0 
mica-slate  of  Loch  Erriboll  and  Loch  Hope  is  inftorior  to  the  gat^ 
masses  of  granitic  gneiss  in  the  centre  of  Satheriaiwi,  We  ad^l^ 
ask  for  a  continuous  section  through  the  interminaUe  moon  of  thf 
Moin,  and  for  evidence  that  the  Kyle  of  Tongoe  and  the  huge  ajedftafl 
domes  of  Ben  Laoghal  and  Ben  Stomino  do  not  break  the  Mnea  aadi 
bring  up  anew  the  lower  and  older  gneifa.  But  aueh  outttuiiwitf 
sections  have  never  even  been  attemptod,  eitiiertherB  or tiiromh  ^hi* 
wilds  of  Assynt  and  Strath.  OykiU,  stQl  less  aaeoaa  the  moaf  ' 
fiEustnesses  of  the  Dirry  Moor  aiid  Eannich  Eoreat»  ao  as  to  warn 
that  no  older  underlying  gneiM  oomea  up  tiieie.    lOi  fivb  U  i 
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lerc  is  no  evidence  to  connect  the  great  mass  of  crystalline  schists 
cretching  from  the  north  coast  of  Sutherland  to  the  south  of  Inver- 
OB-shire  more  closely  with  the  mica-slates  of  Ben  Hope  than  with 
he  gneiss  of  Scourie,  Loch  Inver,  and  the  Gairloch,  or  to  justify  us 
a  throwing  aside  mineral  characters  for  some  assumed  synchronism 
Q  the  age  of  the  original,  but  now  wholly  altered,  deposits. 

Ko  such  revolution  in  Scottish  geology  is,  however,  required.  The 
actions,  when  careMly  examined,  are  clear  and  simple,  and  quite 
malogous  to  those  of  other  mountain-regions.  Every  fact  and  section 
illeg^  in  proof  of  the  recent  origin  of  the  eastern  crystalline  strata 
ippean  on  investigation  to  lead  directly  to  the  reverse  conclusion. 
CtDurine,  the  mica-slate  of  the  Bishop's  Castle,  stated  to  overlie  the 
limestone,  docs  not  show  a  single  calcareous  bed  in  a  thickness  of 
LOOO  to  2000  feet  of  strata ;  and  the  same  mica- slates  are  forced 
op  from  below  the  limestone,  by  igneous  action,  in  the  very  centre 
of  the  field.  At  Whiten  Head  and  Loch  ErriboU,  the  quartzites  and 
HiBestone,  alleged  to  dip  under  the  gneiss,  are  in  part  separated  from 
it  by  intrusive  rocks,  or  meet  it  in  whoUy  discordant  position,  often 
•omveited  and  denuded  that  the  upper  limestone  is  entirely  cut  out 
lefiffe  reaching  the  line  of  supposed  overlap.  So  too  it  is  on  Loch 
More  and  Loch  Glen  Coul,  where  mere  fragments  of  the  quartzite 
■eries  are  left  abutting  against,  not  dipping  under,  the  old  gneiss,  or 
■cpwated  from  it  by  intrusive  igneous  rocks.  Li  Assynt  the  so- 
oflfid  "  upper  quartz-rock  "  is  proved  to  have  no  existence,  but  to 
lie  a  mere  upturn  of  the  old  quartzite,  which  is  seen  resting  on  the 
tDfiin  for  nules  along  its  N.E.  margin,  and  on  the  S.E.  is  divided 
fam  it  by  a  line  of  fault  with  huge  intrusive  masses  of  granite  and 
Pwphyry.    Further  south,  in  Cromarty-  and  Eoss-shires,  the  same 

£omcna  prevail.  The  newer,  overlying  strata — ^whether  the 
(tone,  the  quartzite,  or  the  Bed  Sandstone — always  overlie  or 
•^t  against,  never  dip  under,  the  older  eastern  gneiss.  In  Skye, 
^^,  the  Red  Sandstone,  the  oldest  overlying  deposit,  dipping  N.W., 
^  on  the  eastern  gneiss  dipping  8.E.,  and  thus  in  an  entirely 
J**onJant  position.  Such  are  the  facts  and  sections  on  which  I 
**^o  no  hesitation  in  asking  a  verdict  in  favour  of  the  old,  long- 
•^Nished  principles  of  Scottish  geology. 
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O.Volger. — ^Thatsachen  zur^urtheilung  alterer  und  neuerer  geo- 

l^:i«cher  Anschauungsweisen,  13. 
C.  II.  G.  von  Ileiden. — Fossile  Gallen  auf  Blattem  aus  den  Braun- 

kohlengruben  von  Salzhauscn,  63. 
Seibert — ^Zur  Geologic  des  Odenwaldes,  76. 
0.  Buchner. — ^Ueber  Feuermeteore  imd  Meteoriten,  82. 

Me.  Zcitschrift  fiir  die  gesammten  Naturwissenschaffcen,  heraus- 
K^ben  von  dem  Naturw.  Vereine  fiir  Sachsen  u.  Thiiringen  in. 
Hallo,  redigirt  von  C.  Giebol  und  W.  Heintz.  Jahrgang  1859. 
Vol.  xiii.     1859. 

W.  Ileintz.— Ueber  den  Stasfurtit,  1. 

■ .    Ueber  die  Zusammensetzung  des  Boracits,  105. 

L.  Witte. — Ueber  die  Vertheilung  der  Warme  auf  der  Erdober- 

flache,  11. 
F.  Ulrich. — Ueber  das  Zechsteingebirge    zwischen  Osterode   und 

Badenhausen  am  S.-W.  Harzrande,  189  (plate). 
E.  Sochting.— Feldspathkrj'stalle  im  Quarz,  199,  452. 
K.  Dieck  und  W.  Hemtz. — ^Analyse  des  Aluminits  von  Presslers  Berg 

bei  Halle,  265,  368. 
Th.  Liebe. — Ueber  die  bisherigen  Resultate  des  Geraer  Bohrver- 

suches,  322. 
E.  Sochting. — ^Ueber  den  Einschluss  von  Fliissigkeiten  in  Mineralien^ 

417. 
Notioes  of  works  on  Geology,  Mineralogy,  Paleontology,  &c 


Jahrgang  1859.     Vol.  xiv.     1859. 

li] 
boxg,  190. 


J.  A.  Hialmarson. — ^Ueber  die  Insel  St.  Domingo,  12. 

A.  W.  Stiehler.— Zu  Fkuromeia  aus  dem  Buntsandsteine  bei  Bern- 
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HaUe.    ZeiUelirlft  far  die  gfffwimaitfai  Kitm  wliiwrtifto    ^i  { 

it  EmL— Zai  trmfdnmir  too  Gem ;    v 

W.  Heintz,— UeWr  den  Staffurtit,  351, 

Kw  Ricbter, — Zm  Petrogtsphie  dei  Tliiiiiii^er  WiMm^  ^^ 

J.  Flecker. —EriAhniii<ri'n  tiber  das  VodromnBat  dflT  8f~  '^^ 

Bim^'f^rbati^r  und  nukns^dlaciieii  B«fiaiB^  445  (3 j 
C-  GkbeL — Flora  dos  aacb^iseli-tlLtixisMclieii  T 

436. 
Notice*  of  wo^  on  Geology^  Mtnei^og^y  Faleootebpf^r,  i& 

Hadelbeig.  Yethan^imgeii  daa  imtiirlM£4opaelH»fldaiiiiiidigi  TtfJ 
emfip    VoLii*    Ho.  2.  f:^£* 

Hoiiimiltiiral  Society  of  Lem&iu  Frooee^Qgs.  ToO. 

July-October,  1860. 

Intemationfll  Statistieal  Congrc^,     Prcignunmo  of  ike  Fodutli  ^ 
sion,     1S60, 
H>  limit — Statiffica  of  Mhienil  Prodnoei  &ej  83L 

Leeds  PhiksopMcal  and  literary  Society,     Aimaal  Ecptf^  ** 

1859-60.    1860, 

liego,    Memoires  do  la  Soc.  Eoy.  des  Sdenocs.    Toi  :et*    1^6^' 

LinBoan  Society.    Jcfumal  of  tlie  I^rooeedingsi.    July  18,  Sit^ 
mental  to  Vol,  W,  Zoology* 

literary  Gazette.     Now  Series*    Vd.  t,     Kos,  106-122. 
Oct*  IS  GO. 

Meeting  ui  ouienuucs  oucmtaioff  6w* 

Meeting  of  the  Britiah  Attociatioii,  807. 

Meeting  of  the  Intematioiial  Stataataoal  Gcni[i«it|  10^  <L 

J.  TyndaU'8  '  The  Glaciefs  of  the  Alps,'  not&oi,  XT. 

EarthnimkA  in  Kent,  2SL 

Liverpool  Litcrmi'  and  Fhilosophical  Society. 
1850^60.    1800. 

G.  PI,  Morton.— Ttwcgs  of  Ictber^a  near  Liverpool^  35,  ^^ 
,    Ba*j?nient-bed  of  the  Keupcr  iaWirnd  mid  the  S.W,  oim^ 

cnaliire,  148, 
C.  rJollingwood,— Homomorphiam  or  Orgfiin; 

IHL 


i 
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T.  DoWn,— Explosions  in  Oonl-mines,  217, 
H.  n,  liigginfl.^Stony  Corala,  230  (tigim?s), 

London,    Edinburgh,   and    Dublin    rhilosophical    Mri^i^mtijic. 
Series,      YoL  rx,      Kos,   130-133.      July-Oct.   iSsOO. 
Dr.  W^^ntims,  KG.S. 

J.  Pilbrow.— Wfll-seetion  near  Ooaport,  84, 
J.  Prefltvrich.— London  Clnv  in  Nomlk,  84, 
T.  IL  Joaea  and  W,  K.  P^ker,-J*oaflU  Fonraj^nJiom  Chf^ 
kston,  B& 
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Ion,  Edinburgh,  and  Dublin  Philosophical  Magazine  (emtinued). 

W.  S.  Svmonds. — Keptiliferous  Sandstones  of  Elgin,  86. 

4jica. — ]Bone-caves  in  Northern  Sicily,  86. 

A..  IL  Church  and  E.  Owen. — Destructive  distillation  of  Peat,  110. 

Brcithaupt — Thirteen  systems  of  Crystallization  and  their  optical 

characters,  129. 
Q.  P.  Wall. — Geology  of  Venezuela  and  Trinidad,  184, 

C.  Sainte-Claire  De\nlle. — Silicic  Acid,  175. 

J.  H.  Pratt— Thickness  of  the  Earth's  Crust,  194. 

F.  C.  Calvert  and  G.  C.  Lowe. — Expansion  of  Metals  and  Alloys,  230. 

£.  Lartet. — Coexistence  of  Man  wiu  certain  extinct  quadrupeds,  239, 

W.  P.  Jervis. — Miocene  rocks  and  minerals  of  Tuscany,  240. 

H.  Falconer. — ^Bone-caves  of  Gower,  South  Wales,  241. 

D.  Campbell — ^Arsenic  and  Antimony  in  Streams  and  Rivers,  304. 

jman's  Monthly  List.    Nos.  211,  214.    July,  Oct.  1860. 

lanics'  Magazine.  New  Series.  Tol.  iii.  Nos.  80-96,  July- 
5t.  1860. 

Meetings  of  Scientific  Societies,  &c. 

J.  A.  Davies. — ^Molecular  alteration  in  stone,  metal,  wood,  &c.,  265. 

Doumc.  Mining  Surveyors*  Reports :  furnished  by  the  Mining 
irveyors  of  Victoria  to  the  Board  of  Science.  Nos.  9-15, 
inuary-July,  1860. 

in.  Atti  del  R.  Istituto  Lombardo  di  Scienze,  Lettere  ed  Arti. 
"oL  i.    Ease,  xvii.-xx.     1860. 

ling  Review.    Vol.  iii.    Nos.  89-95,  99, 103, 
Notices  of  Scientific  Meetings,  &c. 

nich.  Abhandlungen  der  math.-phys.  Qasse  der  konigl.  bayer, 
Lkad.  d.  Wissensch.     Vol.  viii.     Parts  1  &  2,    1857-68. 

A  Vogel  und  G.  C.  Reischauer. — ^Ueber  Bleysesquiphosphat,  1. 

A  Wagner. — Neue  Beitrage  zur  Kenntniss  der  fossilen  Saugethier- 

Ueberreste  von  Pikermi,  109  (7  plates). 
C.  F.  Schoenbein. — ^Ueber  metallische  Superoxyde,  159. 
A.  Wa^er. — Neue  Beitrage  zur  Kenntniss  der  urweltlichen  Fauna 

des  fithographischen  Schiefers  (Saurier),  413  (0  plates). 

-.     Almanach  d.  k,  bayer.  Akad.  d.  Wiss.  f.  das  Jahr  1859. 

-.  Magnetische  Ortsbestimmungen  an  verschiedenen  Puncten 
&B  Konigreichs  Bayem  und  an  einigen  auswartigen  Stationen, 
.  und  II.  Theil.     1854-56.     8vo. 

r  Zealand  Examiner.     No.  6.    June  13, 1860. 

nbach.  Erster  Bericht  des  oflfenbacher  Vereins  fur  Natur- 
ande  iiber  seine  Thatigkeit  von  seiner  Grundung  am  10.  Marz 
859,  bis  zum  13.  Mai  1860.     1860. 

O.  Volger. — TeUosteits  primatna,  Volger.  Erste  Spur  eines  Grathcn- 
fisches  im  Uebergangsgebirge  aus  dem  rheinischen  Dachschicfer 
Ton  Caub,  37  (plate). 
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Palis.    Annuairo  de  Plnstitut  do8  Provincos,  des  8ooiet&  aaymtc* 
et  des  Congres  scientifiques.    2«  Ser,     Vol.  ii.     1860. 
G.  Cotteaii.    liapport  sur  les  progr^  de  la  G^ologie  en  Fnnce  pe^ 
dant  Tannde  1868,  64. 

.     Ecole  des  Mines ;  Annales  des  Mines.     5*  S&.    YoL  xT 

5«  Li\T.  ct  6«  Livr.  do  1859.     1859. 

Daubrt'B. — Sur  le  metamorphisme  et  sur  la  formation  des  locE^ 

cri.stjillincs  166,  393. 
Depcloizeaux. — Sur  les  formes  cristallines  et  les  propri^t^  optiqu- 

de  la  zoisite,  do  la  sillimanite  ot  de  la  vohlerite,  et  sur  une  nxm 

voile  disposition  du  microscope  polarisant,  219. 
Lehlou. — Lavanre  de   la  houille  aux  mines  de  houille  de  Bnaai 

(Puy-de-I)6me  et  Haute  J^oire),  243. 
Delesse. — Sur  les  pseiidomorphoses,  317. 
Julif'ii. — Sur  la  nidtftllur^e  du  zinc  dans  la  haute  Sil^sie,  477. 
Sur  rindustrio  mindrale  dans  le  Wurteml>erg:,  631. 
Sur  \u\v.  hiuli'  luindrale  recueillie  a  la  surface  du  sol  sur  les  bords  • 

la  riviere  Alleghany,  541. 
Sur  la  production  indtallique  du  Chili,  643. 
De  la  i)roduction  des  mdtaux  dans  la  Grande-Bretagne  on  1858, 

daiifl  quelques  autres  contrees,  646. 
Sur  lofi  changemcuts  de  tempdratiure  produits  par  rapprofondisB* 

nient  ct  par  I'extenMon  des  mines,  671. 
Sur  les  {risenients  auriferes  et  platiniferes  de  I'Oregon,  573. 
Sur  les  giscments  auriferes  de  r^ouvelle-Galles  (Australie),  577. 

.     .     Yol.  x^ii.     P  Livr.  do  1860.     1860. 

L.  Moissenct. — Extraits   des    travaux  du   bureau    d'essai    (anrn 

18o9),  1. 

.     Ex  traits  de  chimie  (travaux  de  1869),  19. 

Touniaire. — iLos  travaux  du  laboratoiro  de  chimie  de  Clermon 

Fen-aud  de  18.50-69,  35. 
Senannont,  de. — Extraits  de  min<5ralogie,  69. 
Marsillv,  de  G.  de. — i^s  houill^res  du  Nord  et  du  Pas-de-Calai 

107.' 

Comptcs   Kendus  des  Seances  de   PAcad.   des  So.  186( 


Prom.  Semestrc.     Yol.  1.  Nos.  19-26. 
— .     .     Deux.  Sem.     Yol.  li.  Nob.  1-5. 


Tables,  Deux.  Scm.  1859.    Yol.  xlix. 


Damour  et  Ijoymerie. — Sur  Ta^rolithe  de  Montrejeau,  31,  247. 
Debray. — Sur  la  reproduction  artificiello  do  l^Vzurite,  218. 
D'Archiac. — Rapport  sur  un  M^moire  de  M.  A.  Gaudry  intita 

^  Geolope  do  I'lle  de  Chjpre,*  229. 
E.  de  Beaumont. — Sur  une  Carte  g^ologique  du  Dauphin^  par  M.  CI 

I^ar}',  ISo. 
Yeziaii. — Sur  im  syst^me  stratigraphique  perpendiculaire  au  systdu 

des  Alpes  occidentales,  et  du  memo  kge,  202. 
Secchi. — Le  tremblement  de  terre  de  Norcia  resaenti  juaqu'il  Romi 

346. 
H.  Ste.-Clairo  Deville. — Sur  un  nouveau  mineral  de  Yanadium,  219 
P.  Beauvallet. — Sur  la  prince  du  vanadium  dans  Targile  de  Gee 

tillj,  301. 
Domeyko. — Sur  dirors  fosaUes  et  min^rauz  enroy^s  da  Chili,  58ft 
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"aiifli.    CompteB  Bendtu  (eonHnued). 

A.  Ghitidnr. — Os  de  cheval  et  de  boBuf  d'esp^ces  perdues  troar^  avec 
dee  hacnee  de  pi^rre  dans  une  mdme  couclie  de  diluvium^  453, 466. 
G.  Pouchet — Sur  un  instrument  en  silez  trouT^  par  lui  dans  le  ter- 
rain de  transport  de  St-Achetd,  60L 
Boucher  de  Perthes.— Sur  les  silez  taill^  des  hancs  diluyiens  de  la 

8omme|  58L 
J.  Prestwich.— Sur  la  d^oouverte  d'instroments  en  silex  associ^  k 

des  restes  de  mamniif^ree  d'esp^es  perdues,  634,  869. 
lyOrhigny.— >^ur  le  diluTium  k  coquules  lacustres  de  Joinyille-le- 

Pont,  79L 
Xeymerie. — ^Efiets  du  mouyement  primitif  des  grands  courants  d'eau 

auz^poques  ant^rieures  k  la  ndtre,  795. 
E.  de  Fourcy. — Carte  g^loffique  du  Loiret^  941. 
Radig^eL— Sur  des  restes  tros-anciens  de  Pindustrie  humaine  trouT^ 

dans  le  terrain  de  transport  des  environs  de  Paris,  677,  766,  988. 
Chazereau.— Sur  des  haches  en  silex  trouv^es  dans  le  d^partement 

du  Loiret,  1013. 
Gervais. — Sur  une  esp^ce  de  porc-^pic  fossile  des  br^es  osseuses 

de  rile  de  Hatoneaii^  61 L 
Jackson. — Sur  Tidentit^  du  Paradoxides  Harlani  et  du  P.  TerrcB- 
nova,  869. 

,    Sur  quelques  observations  fjutes  k  Tile  do  Terro-Neuve  et  en 

Califomie,  &c.,  46. 
Moissenet— -Couches   travers^os  dans  im  puits  for^  a  Louisville 

(Kentucky),  817. 
Meugy. — Sur  Torigine  de  certains  filons,  320. 
Be  Luca. — ^Recherches  chimiques  sur  le  calcaire  d'Avane  en  Toscane, 

368. 
A.  Sismonda. — Sur  le  calcaire  fossilif^re  du  fort  de  TEsseillon  en 

Maurienne,  410. 
t)elec8e. — Etudes  sur  le  m^tamorphisme,  407. 
X'^aiveaud. — De  Tinfluence  du  temps  sur  les  actions  chimiques,  et  des 

chaugements  qui  jpeuvent  en  rdsulter  dans  certains  fossiles,  668. 
K2,  D*Orbigny  et  H^ert — Sur  Page  des  poudingues  de  Nemours  et 

des  sables  coquilliers  d' Annoy,  d70,  84«. 
^.  de  Serres. — cur  les  breches  osseuses  de  Tile  de  Hatoncau,  678. 
^  Alterations  des  os  observ^es  chez  des  vert^br^  de  Tancien 

monde,  96. 
•^— .    De  Textuiction  du  plusieurs  espdces  animales  depuis  Tappa- 
rition  de  lliomme,  860. 

.    De  la  classification  des  m^taux  d'apr^s  Haiiy,  738. 

Foumet— Sur  Tozyde  de  chrome  de  Payment,  600. 

Bcbinet  et  Touche. — ^Influence  du  mouvement  de  rotation  de  la  terre 

sur  les  cours  des  rivieres,  638,  737. 
TerreiL — ^Minerais  de  zinc  sous  forme  oolilhique;  663. 
L  Desnoyeia.— Paa  d'animauz  dans  le  gypse  des  environs  de  Paris, 
67. 

"liiladelphia  Academy  of  Natural  Sciences.    Proceedings  for  1860, 
pp.  81-284. 

W.  M.  Gabb. — New  species  of  Cretaceous  Fossils  from  New  Jersey* 

93  (plate). 
T.  S.  Hunt,  Lesley,  and  Foulke.->Chemical  Geology,  96. 
Lesley. — ^Boulders  of  gneiss  in  State  of  New  York,  97. 
W.  A  BogerB.-*Albertite  or  Albert-coal  of  New  Bmnswicki  98. 
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Philadelphia  Academy  of  Natural  Sciences  (continued), 

F.  B.  Meek  and  H.  Encfelmann. — Geology  of  "the  Great  Basin'' 

between  the  Wahsatcn  Mountains  and  the  Sierra  Neyada,  126. 
R.  E.  Rogers. — Petroleum-wells  of  Ohio,  147. 
F.  B.  Meek  and  F.  V.  Ilayden. — Tertiary,  Cretaceous,  Jurassic,  arkd 

Pemiian  Fossils  from  Nebraska,  175. 
W.  M.  Gabb. — New  species  of  Cretaceous  Fossils  from  South  Ana^- 

rica,  197  (plate). 
n.  C.  Wood.— Carboniferous  Flora  of  the  United  States,  236    C2 

plates). 

— ,    American  Philosophical  Society.   Transactions,    New  SerL^3S. 
VoLxii.     Part  2.     1859. 

F.  V.  Ilayden. — Geological  Sketch  of  the  Estuary  and  Freshwa-^fc^* 
Deposit  of  the  Bad  Lands  of  the  Judith,  123  (map^. 

J.  Leidy. — Extinct  Vertebrata  fitjm  the  Judith  Kiver  and  Gr^^^t 
Ligmte  Formations  of  Nebraska,  139  (3  plates). 

.    .     Proceedings.    Vol,  vi.     Nos.  69,  60.     June-I>^30- 

1858.     Vol.  vii.     No.  61.     January-June,  1859. 
Trego  and  R.  E.  Rogers. — ^Mineral  deposit  from  the  Hot  Springs    o' 

Miumikurrun,  on  the  Himalayas,  4. 
J.  Leidy.— Geology  and  Fossils  of  the  Bad  Lands  of  the  Judith,  LO- 

Photographic  Society.    Journal.     Nos.  99-102.     July-Get.  1860. 

Quarterly  Journal  of  Microscopical  Science.    No.  32,  33,    July  axa.<i 
Gctober,  1860. 

A,  Kolliker.— rVegetable  Parasites  in  the  hard  tissues  of  the  Lot«"«^ 
Animals,  171  (plate). 

Royal  Asiatic  Society  of  Great  Britain  and  Ireland.     Journal-' 

Vol.  xviii.     Part  I.     1860. 
Royal  Astronomical  Society.     Memoirs.     Vol.  xxviii.     1860. 

Royal  College  of  Surgeons  of  England.     Catalogue  of  the  Musea*3t»* 
Part  I.  Plants  and  Invertebrate  Animals  in  the  dried  state.  18^^^* 

Royal  College  of  Surgeons  of  England.  Observations  and  R^ectic^^^^*^ 
on  Geology,  by  John  Hunter,  F.R.S.  Intended  to  serve  as  ^^-^^ 
Introduction  to  the  Catalogue  of  his  Collection  of  Extraneo^*^*^ 
Fossils.     1859. 

Royal  Geographical  Society.     Proceedings.    Vol.  iv.    No.  4. 

Earl  de  Grey  and  Ripon. — ^Anniversary  Address. 
Royal  Society.     Proceedings.     Vol.  x.     Nos.  39,  40. 
M.  Faraday. — Regelation,  440. 

E.  W.  Brayley.— Kegelation  in  Water,  Glass,  &c.,  450. 
W.  B.  Carpenter. — Researches  on  Foraminifera,  606. 
Obituary  notices  of  R.  Bright,  W.  J.  Broderip,  I.  K.  Brunei^  * 
Horsfiold,  G.  T.  Staunton,  It.  Stephenson,  F.  H.  A.  von  Humbolc 
and  others,  i.-xliii. 

St.  Louis.  Academy  of  Science.    Transactions.   Vol.  i.   No.  3. 18^  ^^-^ 

G.  G.  Shumard. — Geology  of  the  Jornada  del  Muerto,  New  Mexic^='*^-' 
341. 

B.  F.  Shumard. — ^Fossils  from  the  Permian  Strata  of  Texas  and  N^*"^^ 
.          Mexioo;  387  (plate). 
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^eteiBborg.     Acad.  Imp.  dcs  Sciences.     M^moires.    7®  Serie. 
)l.ii.    Nos.l-^.    1859. 

..    .    Bulletin.    Vol.  i.    Nos.  4-9.     1860. 

H.  Abich. — ^Rapport  sur  sea  occupations  au  Caucase^  &C;  209^  864^ 

449. 
N.  Kokcharofl— Sur  le  Kutil  et  Paialoffit,  229. 
Q.  de  Helmersen. — ^Description  de  quelques  masses  de  cuivre  natif, 

321  (plate). 
PL  Bnmn. — ^Le  littoral  de  la  Mer  Noire  entre  le  Dni^pre  et  le 

Dni^tre,  d'apr^  les  cartes  hjdrographiques  du  XIV^*  et  du  XV* 

si^cles,  373. 
H.  Goeppert — Sur  la  Flore  pal^ozoique  infiSrieure;  414. 
H.  Struve.— Sur  la  prince  du  pliosphore  dans  le  fer  de  fonte  et  sur 

fuelques  phospliures  m^talliques,  453. 
\  Brandt  et  G.  de  Helmersen. — ^RecherdLes  pal^ontolo^ques  dans 
la  Hussie  m^ridionale,  553. 
A.  de  Middendor£ — ^Les  d^ouvertes  de  grands  mammif&res  gel^ 
en  Sib^rie,  557. 

5ty  of  Arts.    Journal.    Nos.  398-414.    July-Oct.    1860. 

W.  P.  Jervis.— Mineral  Resources  of  Tuscany,  689,  699,  723,  743, 
755. 

igart      Wiirttembergische    naturw.   Jahreshefte.     16.  Jahrg. 
ireites  nnd  drittes  Heft.    1860. 

H.  V.  Fehling.— Cbemische  Untersucliung  der  Teinacher  Mineral- 

queUen,  1&. 
E.  V.  Martens. — ^Die  classiscHen  Conchylien-Namen,  176. 
C.  Baur. — Die  Lagerungsverhaltnisse  des  Lias  auf  dem  linken  Neckar- 

Ufer,  266  (plate). 
H.  Y.  Fehling. — Steinsalz  aus  dem  Scliacht  bei  Friedricbsball,  292. 

eside  Naturalifets*  Field-club.    Transactions.    Vol.  iv.    Part  3. 
360. 

H.  B.  Tristram.— Presidential  Address,  191. 

ma.      Denkschriften  d.  k.  Akad.  d.  Wissensch.      Math.-nat. 
lassc.     Vol.  xviii. 

W.  Haidinger  und  F.  Menapace. — Eis  der  Donau,  1868, 1  (18  plates, 
and  tables). 

-.    Fcierliche  Sitzung  der  k.  Akad.  Wissensch.  am  30.  Mai 
859. 

-.    Jahrbuch  d.  k.  k.  geol.  Reichsanstalt.    1860.    xi.  Jahrgang. 
(o.  1.     Janncr-Marz. 

F.  von  Hauer. — ^Ueber  die  Verbreitung  der  Inzessdorfer-  (Congerien-) 

Schichten  in  Oesterreich,  1. 
A.  Kengott — Der  Hoemesit,  ein  neues  Mineral  aus  dem  Banat,  10. 
K.  M.  Paul — ^Ein  geologiscbes  Profil  durch  don  Anniger  bei  Baden 

im  Randgebirge  des  Wiener  Beckens,  12. 
D.  Stur. — ^Uebe?  die  geoloffische  Uebersicbts-Aufiialime  des  Was- 

aexgebietes  der  Waag  una  Neutra,  17. 
Vedumdlungeni  1-99. 
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Vienna.    Sitznngsberichte  d.  k.  Akad,  WiflsensdL     HaOu-Bit 
Vol.  xxxix.     Nos.  1-6.     1860. 

W.  Ilaidinger.— Die  Rutilkrystalle  von  Graves'  Mount  in  Gmi 

U.S.,  5. 
V.  von  ZepliaroviclL— Ueber  die  Krystallformen  de«  zweifiidi  dn 

sauren  Ammoniak-Quecksilbercmorids,  17  ^2  plates). 
E.  Siiess. — Ueber  die  wohnsitze  der  Brachiopoaen  (2.  Absdmittl 
A.  E.  Hems. — Die  marinen  Tertiarschicbten  Bfihmens  una 

Versteinenmgen,  207  (8  plates). 
A.  Schrauf. — Krystallograptiisch-optiBcbe  Untersnchnngen  iibei 

Identitat  des  Wolnyn  mit  Scbwerspath,  286  (8  plates). 
K.  von  Ilauer. — Ueber  einige  selensauren  Salze  una  die  Dazstel 

der  Selensaure,  299. 
.    Ueber  die  Ki^stallisation  imd  Darstellung  einiger  Ve 

dungen,  438. 

.    Ueber  einige  Verbindnngen  der  Vanadinflaure^448! 

W.  Ilaidinger. — ^Ueber    den   Meteoreisenfoll   von   HraBcbina 

Agram,  519. 
K.  von  Hauer. — ^Krystallogenetiscbe  Beobacbtungen,  61L 
H.  Dauber. — Ermittelung  krystallographiscber  Constanten  ui* 

Grades  ihrer  Zuverlassigkeit,  685  (6  plates). 


Vol.  xl.    Nos.  7-12.    1860. 


W.  Haidinger. — ^Der  Hoemesit,  18. 

G.  Tschemiak.— Ueber  Calcitbrystalle  mit  Kemen,  109  (plate 

.     Ueber  secundare  Mineralbildungen  in  dem  Griinsteing 

bei  Neutitschen,  113. 
A.  E.  Reuss. — Die  Foraminiferen  der  westpbiQischen  Ereidei 

tion,  147  (13  plates). 
F.  C.  Schneider. — ^Ueber  daa  cbemische  und  elektroljtiachc 

halten  des  Quecksilbers,  239. 

E.  Suess. — ^Ueber  die  Spuren  eigenthiimlicber  Emptions-Ei 
nnngen  am  Dachstein-gebirge,  428. 

W.  Ilaidinger. — Eine  LeitfoTm  der  Meteoriten,  525  (2  platee) 
K.  von  Ilauer, — Krystallogenetische  Beobacbtungen,  539,  I 
plates). 

F.  Steindacbner. — ^Zur  Kenntniss  der  fossilen  Fiscbfauna  ( 
reicbs,  555  (3  plates). 

War^'icksbiro  Naturalists'  and  ArchfiDologists'  Fidd-dub. 
Report, 

Washington.     Smithsonian  Institution,  AimTiftl  Eeport  of  the 
of  Regents  of,  for  1858.     1859. 

Zoological  Society  of  London.     Procoedings.     1860.     Parts 
January-June. 
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I.  PERIODICALS  PUECHASED  FOR  THE  LTBRART. 

oLs  and  Magazine  of  Natural  History.     3rd  Series.    Vol,  vi. 
08.  31-34.    July-October,  1860. 

W.  IL  Baily.— New  Pentacrmus  from  the  Oxford  Clay  of  Dorseteliire, 

25, 152  (plate). 
.    New  Sohrium  from  the  Upper  Greensand  of  Dorsetahire,  28 

(plate). 
W.  K.  Parker  and  T.  R.  Jones.— Nomenclature  of  the  Foraminifera. 

The  Lamarddan  Species,  29. 
De  Koninck,  L.— Two  new  Species  of  Chiton  from  the  Wenlock 

Limestone,  01  (plate). 
J.  G.  Jef&eys. — Griffin  of  Species,  152. 
£.  J.  Chapman. — ^New  species  of  Agelacrtnites,  and  on  the  relations 

of  the  genus,  157. 
J.  W.  Dawson's  *  Archaia,'  noticed,  205. 
W.  B.  Carpenter.— Foraminifera,  208, 
L.  Agassiz. — Origin  of  Species,  219. 
H.  Falconer.— Bone-caves  of  South  Wales,  297. 

iburgh  New  Philosophical  Journal.    New  Series.    No.  23,  24. 
ol.  3di.  No.  1,  2.    July  and  October,  1860. 

B.  Edmonds.— Extraordinary  Agitations  of  the  Sea  and  Earthquakes 

in  the  West  of  England  in  1858-59, 1. 
H.  How. — Oil-coal  of  Pictou,  Nova  Scotia,  80. 
W.  S.  Symonds. — ^Reptiliferous  Sandstone  of  El^n,  95. 
T.  Brown- — Lower  Carboniferous  rocks  of  the  Fifediire  Coast,  115. 
A.  Geikic. — ChronolM^y  of  the  Trap-rocks  of  Scotland,  117. 
W.  Thomson  and  —  Everett. — ^Underground  Temperatures,  183, 137. 
W.  Rhind. — Reptiliferous  sandstones  of  Morayshire,  153. 

C.  W.  Peach.— Chalk-flints  of  Stroma  and  Caithness,  154. 

J.  M'Bain. — ^Fossil  bird-bones  from  New  Zealand,  155. 

C.  Daubeny. — Elevation-theory  of  Volcanos,  173. 

R.  Edmonds. — Earthquake-shocks  and  Whirlwind  in  Cornwall,  203. 

J.  Davy.— Colour  of  the  RhonCj  213. 

Hector. — Geology  of  part  of  British  North  America,  226  (plate). 

L  Beale. — ^Permanence  of  Species,  233. 

J.  T>Tidall'8  <  Glaciers  of  the  Alps,'  noticed,  249. 

C.  Daubeny,  R.  Owen,  T.  Huxley,  and  others. — Origin  of  Species,  272, 

C.  II.  Hitchcock  and  J.  S.  Newberry. — Coal-beds  of  Rhode  Island. 

&c,282. 
J,  D.  Whitney. — Lead-bearing  regions  of  the  North-west,  284. 
J.  S.  Newberry. — Petroleum-wells  of  the  Mississippi  Valley,  287# 
Q.  A.  Gilmore. — ^H^draulic  Cement,  293. 
-J.  S.  Newberry.— Fossil  Florae  of  North  America,  306. 
J^.  W.  Dawson. — Climate  of  Canada  in  the  Pleistocene  Period,  309. 
O^.  W.  Flower. — ^Flint  Implement  from  Amiens,  311. 
K  D.  Rogers. — Fossil  Flmt  Implements,  314. 
J.  Prestwich. — ^Fossil  Flint  Implements  from  the  valley  of  the  Somme* 
314. 

itut,  r.    1«  Section.   Sc.  Math.  Phys.  et  Nat.  Nos.  1383-1395. 

-.    2*  Sect.    8c.  ffist.  Arch,  ct  Phil.    Nos.  292,  293  (in  one), 
ipril  and  May. 
Notices  of  Scientific  Meetings^  &c. 
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Lconhard  und  Eronn's  Neues  Jahrbuch  f.  Min.  u.  a.  w.    Jahigang 
1860.     Drittes  Heft. 

A.  Strong. — Die  Qunrz-fdlirenden  Porphyre  des  Ilarzes.    IL  Ke 

graucii  Poiphyre,  257. 
II.  Credner.-^Die  Grenz-Gebilde  zwischen  dem  Eeuper  und  dem 

Lias  am  Seeberg  bei  Gotha  und  in  Norddeutscbland  iiberlianpt, 

203  (plate). 
K.  G.  Zinunemianu. — Dio  Tertiar-Versteinerungen  am  Brothener 

Straiulo  boi  Travomiinde,  320. 
Letters :  Notices  of  Books,  Mmerals,  Geology,  and  Fossils. 

PaloDontographica  (H.  von  Meyer).     Vol.  vii.     Part  3.     July,  1860- 

II.  von  Meyer. — Frcische  aus  Tertiar-Grebilden  Deutschland^s,  12^ 

(7  plates), 

(H.  von  Meyer).    Vol.  viii.     Part  4.    July,  1860. 

II.  Ludwig. — ^Fossile  Pflanzen    aus  der   altesten  Abtbeilung  d^^ 
rlieinisch-wetterauer  Tertiar-Formation,  105  (14  plates). 

(H.  von  Meyer).     Vol.  viii.     Part  5.     August,  1860. 

R.  Ludwig. — Fossils   Pflanzen    der   rbeiniscb-wetterauer  TcrtiaC"- 
Formation,  137  (15  plates). 

(W.  Dunker).     Vol.  ix.     Part  1.     August,  1860. 

F.  A.  Roomer. — Zur   geologiscben  Kenntniss  des  nordwestliche^ 
Ilarzgebirges,  1  (12  plates). 


III.  GEOLOGICAL  AND  MISCELLAITEOUS  BOOKS. 
Names  of  Donors  in  Italics. 

Address  of  H.R.H.  tbe  Prince  Consort  on  opening  tbe  IntematioiuiC 
Statistical  Congress.     1860.     From  the  International  Statisticam 

Congress. 

Allport,  S.  On  tbe  discovery  of  some  Fossil  Remains  near  Bahii0 
in  South  America.  "With  Notices  of  the  Fossils  by  Professors 
J.  Morris,  Sir  P.  Egerton,  and  T.  Rupert  Jones,  Esq.  1860^ 
From  T.  E.  Jones,  F.G,S. 

Anca,  F,    Sur  deux  Nouvclles  Grottes  b,  ossomcnta  fossiles  d&ou— 

vertes  en  Sicile  en  1859. 

Barrande,  J,    Colonies  dans  le  bassin  Silurien  de  la  Boheme.  1860. 

.    Troncatiirc  normalo  on  poriodique  de  la  coquille  dans  cer — 

tains  cephalopodes  palcozoVques.     1860. 

Berfjh,  A,  An  Essay  on  the  causes  of  distant  altcmate  periodi — 
Inundations  over  the  low  lands  of  each  Hemisphere.     1860. 

Bocck,  C.  EemaDrkninger  angaaende  Graptolitheme.  1851.  Ere/m^ 
His  Excell.  Count  Flatten. 
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Oilalogae  of  the  Contents  of  the  Museum  of  the  Boyal  College  of 
fioigeons  of  England.  Part  I.  Plants  and  Invertebrate  Animals 
in  the  Dried  State.    1860.    From  the  B.  Coll.  Surgeons. 

Ckmbfrs,  B.    Tracings  of  the  North  of  Europe.     1850. 

Jkubeny,  C.  On  the  Elevation  Theory  of  Yolcanoos,  in  reply  to  a 
Paper  of  Mr.  Poulett  Scrope^  read  before  the  Geological  Sodety 
Peb.2,1859.    1860. 

Bomdiony  T.  A  Monograph  of  the  Carboniferous  Brachiopoda  ol 
Bootland.    1860. 

Bowm^  J,  W.    Notice  of  Tertiary  Fossils  firom  Labrador^  Maine, 

&c.   1860. 

JMme,  A,    Bocherches  sur  les  Pseudomorphoses.    1859. 

Jkmym,  J.  Sur  des  cmpreintes  de  pas  d'animaux  dans  le  Gypso 
des  cQTirons  de  Paris  et  pardculi^rement  de  la  vallee  de  Mont* 
morency.    1859. 

^y  /.  if.  B.  de.  De  la  frequence  compardc  des  vents  sup<$rieura 
et  inferieurs  sous  le  climat  du  Puy  en  Vclay.     1851. 

Avrc,  A,  Observations  relatives  &  la  note  do  M.  Emile  Benoit  but 
les  Terrains  Tertiaires  cntre  le  Jura  et  les  Alpes.     I860. 

f^^fdihammerj  O.  Om  Sovondets  Bestanddele  og  deres  Fordoling  i 
Havet.    1859. 

W-f,  s.  Observations  upon  Mr.  Darwin's  recently  published 
^ork  <  On  the  Origin  of  Species  by  Means  of  Natural  Selection.' 

I860. 

^y  TT.  M.  Catalogue  of  the  Invertebrate  Fossils  of  the  Creta- 
<^ns  Formation  of  the  United  States.    1859. 

^♦n,  C.  T.J  el  Carlo  Strozzi.  Contributions  ^  la  Flore  Fossile 
^^cnne.     4eme  Mcmoiro.    Travertins  Toscans.     1860. 

p"' .    Memoire  sur  quelques  gisements  de  fouilles  fossiles  de 

'^I'cscanc.     1858. 

!^»  ef  O.  dt  Bumine.  Coupe  de  I'axe  anticlinal  au-deesous  de 
^^^anne.  Nouveau  gisemcnt  de  feuilles  fossiles  k  Lavau:^,  par 
•  ^.  Gaudin.     1860. 

"^^  4t  P.  de  Mandralisea.  Contributions  k  la  Flore  Fossile  Ita- 
^^^oie.    Cinqui^me  Memoire.    Tufs  volcaniqucs  do  Lipari.  1860. 

*?^,  J.    Memoire  sur  les  terrains  primaires  de  1^  Belgique. 

"^"^^y  Bl  E.  Syllabus  of  Four  Lectures  on  Foraminiferons  Ani« 
^^^^IcoleSy  Polypiferous  Animals^  InscQJbs,  and  Beptiles.    I860. 

"^  Xm. — ^PABT  I.  X 
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Hallf «/".,  and  J.  D.  Whitney,     Report  on  the  Geological  Sa 
the  State  of  Iowa,  cmbi^acing  the  results  of  Inyestigation 
during  portions  of  years  1855,  185G  &  1857.     Vol.  i. 
(Geology).    1858.    ' 

.    .    Vol.  i.    Part  2  (Palajontology).     1858. 

Haven,  C,  H,  Views  on  the  vine-growing  resources  of  St 
and  adjacent  counties  of  Missouri.     1858. 

Hishpf  S.  On  the  Tertiary  deposits  associated  with  Trap-i 
the  East  Indies,  with  Descriptions  of  the  Fossil  Shells :  an 
Descriptions  of  the  Fossil  Insects  by  A.  Murray,  Esq.,  and 
on  the  Fossil  Cyprido)  by  T.  R.  Jones,  Esq.     1860. 

Holmes,  F.  S,  Post-pleiocene  Fossils  of  South  Carolina.  Nos 
1859. 

H5rbye,  J.  C.  Fortsatte  lagttagelser  over  de  erratiske  Phseno 
Ih)m  His  ExceU,  Count  Flatten. 

" .     Observations  sur  les  phdnomenes  d'Erosion  en  N( 

1857.    From  His  Excell.  Count  Flatten. 

Hunter,  J.  Observations  and  Reflections  on  Geology.  1859. 
the  Roy.  Coll.  of  Snrgeoiis. 

jervis,  W.  F,    Mineral  Resources  of  Tuscany.    No.  II.    18( 

Jones,  T.  R.,  and  W.  K.  Farker.  On  the  Rhizopodal  Fauna 
Mediterranean  compared  with  that  of  the  Italian  and  othe 
tiary  deposits.    1860. 

Kjerulf,  T.      Das  Christiania-Silurbecken  chemisch-geognt 
•  untersucht.     1855.    From  His  Excell.  C(mnt  Flatten. 

Laugel,  A.  M^moire  sur  la  geologie  du  departemcnt  d'Ei] 
Loir.    1860. 

Liancourt,  C.  A.  de  O.  An  appeal  to  Senates  of  Universitic 
against  the  present  mode  of  Teaching  French  and  othei 
guages.    1860. 

M^ Andrew,  R.  Note  on  the  comparative,  size  of  Marine  M( 
in  various  Latitudes  of  the  European  Seas.    1860. 

Mallet,  R.    Ueber  Erdbeben  und  die  Beobachtung  der  dabe 
kommenden  Erscheinungen.    Deutsch  bearbeitet  von  L  H 
.    teles.    From  the  Translator. 

MarixuSy  C.  F.  F.  v.  Denkrede  auf  Alexander  von  Hun 
1860. 

MteheUy  H.  Notice  of  New  Fossils  from  the  Lower  Old  Ited 
stone  of  ScoUaaid.    1860. 
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-^urehison,  R.  L    Nouvello  classification  des  anciennes  roches  da 
-Yord  de  rEcoese.    1860. 

.     On  the  Succession  of  the  Older  Rocks  in  the  Northernmost 

Counties  of  Scotknd.    1859. 

' •'     Supplemental  Ohservations  on  the  Order  of  the  Ancient 

Stratified  Rocks  of  the  North  of  Scotland.    1860. 

^iewherrt/,  J.  S.  Reports  on  the  Geology,  Botany,  and  Zoology  of 
N'orthem  California  and  Oregon.    1857. 

^^^h  •/".  On  the  Geological  Structure  of  the  vicinity  of  Aberdeen 
and  the  North-east  of  Scotland.    1860. 

— ; — •  On  the  Relations  of  the  Gneiss,  Red  Sandstone,  and  Quartzite 
in  tho  North-west  Highlands.     1860. 

Owen,  2>.  D.  First  Report  of  a  Geological  Reconnaissance  of  tho 
Northern  Counties  of  Arkansas  made  during  the  years  1857  and 
1858.    1858. 

7"«       Second  Report  of  the  Geological  Survey  in  Kentucky  made 
during  the  years  1856  and  1857.    1857. 

7~"*       Third  Report  of  the  Geological  Survey  in  Kentucky  made 
during  the  years  1856  and  1857.     1857. 

T"-      Ulaps  and  Illustrations  referred  to  in  Vols.  II.  <k  III.  of  the 
Import  of  the  Geological  Survey  of  Kentucky.     1857. 

-P«»"te».^  IT.  K.  Abstract  of  Notes  on  tho  Osteology  of  Balcenieeps 
^"^^     1860. 

^>  and  T.  E.  Jones.    On  the  Nomenclature  of  the  Foramimfera. 
"^^it  rV.  The  species  enumerated  by  Lamarck.     1860. 

****oZint,  C.  A.    Sulla  suspensione  temporanea  del  corso  dell'  Oliero, 
'^^enuta  nel  gennaio  di  quest'  anno.     1858. 

^ftf  F.  J.  Note  sur  la  periode  quatemaire  ou  diluvienne  con- 
^d^^  dans  ses  rapports  avec  I'^poque  actuelle.     1860. 

" — y  et  O,  Camptche,  Matdriaux  pour  la  paleontologie  Suisse. 
Descriptions  des  fossiles  du  terrain  cretac^  des  environs  de  Sainte- 
Croix.     Premiere  Partie.     1858-1860. 

^^^^do,  C,  de,  Sur  I'existence  de  la  faune  primordiale  dans  la  chaine 
Cantabrique;  suivi  de  la  description  des  fossiles  par  MM.  de 
Yemeuil  et  Rarrande.     I860. 

Godwin,  T,  A.     The  Gold-Discoveries  in  Merionethshire,  and  a 
<  mode  for  ita  Economic  Extraction.     1860. 

Eeeve,  L.  Conchologia  Iconica.  Monographs  of  the  genera  Mela-- 
ioma,  AspergiUum,  lo,  Anealotus,  Terebra^  Pirena,  Hemisinus, 
Melanopns,  Lingida,  Tki-ada,    18^9-60. 
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E@|y6rt  of  Explomtions  and  Burroys  to  eseertoiii  the  moit  pmcticable 
and  economical  Ilouto  for  a  Bailroajtl  from  the  HUaiseippi  Hivier 
to  the  Pacific  Ocean,  made  Ln  185S-5fJ.  Vol  x,  (Zoolugy).  1S59. 
From  the  Government  of  the  U.S. 

of  the  Superintendent  of  the  Coast- Siuroj-j  ehowiog  the  Pro- 
gress of  the  Survey  during  the  year  1867.  1858.  FHm  ikt 
Govertimtnt  ofths  U.S. 

Reports  of  the  Commiseioiior  of  Patents  for  tho  years  1857-^0. 
A^cultare.     1858-60.     From  the  Statt  of  J^'ifw  Fork. 

Siorst  K,,  and  T.  Kjorulf  lagttiigelscr  over  den  PoBtplioconc  dlflf 
Glacialo  Formation  i  en  del  af  det  Sydligo  Noi^ge.  IS 60-  Fr^m 
His  EsGeU.  Count  Flatten. 

Seidell  L.  Untersuchungcn  iiher  die  lichtstarke  dor  Pkce^ 
YenuSj  liars,  Jnpitcrj  uad  Saturn  verglicben  mit  Stenien.    1 8504 

Shumartlt  B,  A,  and  Q,  V*  SwaUaw.  Descriptions  of  Kow  Foadk 
from  the  Coal-measures  of  Missotm  and  Knnsas*     1858. 

Steindachntr^  F.  Beit  rage  zur  Kt!nntuii*s  dor  fosadlen  Fischfaona 
Oesterreichs,     (Dritte  Polge.)     imih 

j£rtwM,  E.    Ecmarks  on  tho  Distrihution  of  the  Brachiopoda* 
an  Introductory  I^^otc  by  T,  Da^-idaon^  Esq.     1800, 

SwaUofv,  G.  C    Tho  FiiBt  and  Second  Annual  Heports  of  the  \ 
logical  Survey  of  Mis.souri,     lHo5. 

Fourth  Eeport  of  Progress  of  the  Geological  Survey  of  j 

souri.     1859, 

— — .     Geological  Report  of  the  Country  along  tho  line  of  the  South. — 
western  branch  of  the  Pacifie  RailFo»d,  State  of  Kissonri.     Ifi  ^ 


»     Orapc-culture  in  Kiasouri,     1858. 

,  ami  F.  Hawn.     The  R-ocks  of  KamaSi  with  De^cripiioiis 

New  Permian  Fossila  by  U.  C.  Swallow.     1858* 
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^6  following  communications  were  read : — 

^'  On  ike  Stbuctube  of  (he  South- West  HioHLAinis  of  Scotland. 
By  T.  F.  Jamiesow,  Esq. 
(Communicated  by  Sir  B.  I.  Murcfaiaon,  y.P.G.S.  &c.) 

CO!fTE2(T8. 

^'  Introduction :  general  arrangement  of  the  rocks  of  the  district. 

^  The  anticlinal  axis,  and  character  of  the  strata  composing  it. 

^-  Suonession  of  the  older  rocks  in  Bute. 

^  The  geology  of  Knapdale. 

0.  The  relations  of  the  rocks  of  Jura,  &o.,  to  those  described. 

1^  The  greenstones  of  Knapdale ;  metamorphio  action ;  metallic  veins. 

•  •  ProbaUe  age  of  the  roois  described. 

i^'  The  following  paper  is  an  attempt  to  throw  some  light  upon 
^  relations  of  those  rocks  which  figure  in  our  geological  maps  as 
^  i&ica-schiBt,  day-slate,  the  chlorite-series,  and  quartz-rock  of 
T®  South-western  Highlands,  and  the  prolongations  of  which,  ran- 
^  N.E.  through  the  middle  of  Scotland,  form  so  conspicuous  a  fea- 
^  in  the  geology  of  that  country. 

An  examination  of  these  rocks,  as  displayed  in  Bute  and  Argyle- 
^1  has  led  me  to  believe  that  from  the  quartz-rock  of  Jura  to 
^  Vxrder  of  the  Old  Bed  Sandstone  we  have  a  conformable  series 

^^^  XVU. — ^PABX  I.  1. 
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of  strata  which,  although  closely  linked  together,  may  bo  cla»^ 
iiito  throe  distinct  groups,  namely: — 

1 .  A  sot  of  lower  grit«,  of  immense  thickness. 

2.  A  great  miLss  of  thin-bedded  slates. 

y.  A  wet  of  upper  grits,  with  intercalated  seams  of  slate. 

lU^ls  of  limestone*  occur  here  and  there  sparingly  in  all  the  thr« 
divisions,  the  thickest  I  have  mot  with  being  situated  deep  down  i 
the  lower  grits.  These  limestones  appear  to  attain  their  grcates 
dt^vclopmont  in  the  western  extension  of  the  strata,  thinning  out  "1 
the  eastward.  The  siliceous  grits  abo  seem  to  become  piuvr  an 
more  devoid  of  green  sediment  as  wo  trace  them  to  the  west.  A. 
the  monil)crs  of  the  series,  namely  the  up^xT  grits,  slates,  and  low* 
grits,  have  a  pci-sistent  strike  from  S.W.  to  N.E.  (sometimes  in  Bu 
upi)roaching  to  duo  N.  andS.),  follo^nng  one  another  in  conformaV 
order ;  and  the  three  groujxs  graduate  into  each  other  where  th* 
meet,  in  such  a  way  as  to  show  that  they  belong  to  one  continuoT 
sucocssi(»n  of  (h^posits ;  and  not  only  so,  but  the  materials  of  whic 
thoy  are  composed  seem  to  have  been  derivcMl  from  very  simiL; 
sources :  beds  of  tlie  lower  giit  are  often  undistingnishablc  in  han< 
specimens,  or  even  in  mass,  from  those  of  the  upper,  being  made  i. 
chietly  of  water-worn  grains  of  quartz,  many  of  which  are  of  a  peci 
liar  seniitransi)arent  bluish  tint. 

I  selected  the  region  Ipng  between  Rothesay  and  the  Sound 
Juni  as  likely  to  afford  the  best  insight  into  the  disposition  of  the 
i*o(?ks,  and  devoted  my  attention  to  the  districts  of  Bute,  Cows 
Knapdale,  and  the  line  of  the  Crinan  Canal t.  In  order  to  render  1 1 
following  ])age8  more  intelligible,  it  is  necessary,  before  going  furthc 
to  mention  that  the  outlines  of  the  chloritc-series,  as  laid  do^n 
the  map  of  Macculloch,  and  also  in  the  smaller  one  of  Niool,  m 
incorrect  in  some  places  to  a  considerable  degree.  For  instanc 
almost  idl  South  Knapdale  is  brought  into  the  chlorite-series,  wher^ 
thi»  coast-section  across  the  strike  of  the  beds  from  Barmore  to  Ij 
vorncil,  being  a  distance  of  about  six  miles,  shows  no  chlorite-slal 
but  is  almost  all  a  highly  siliceous  grit,  often  forming  indeed  a  tr 
quartz -rook.  On  both  sido«  of  Loch  Fj-ne  also,  in  the  neighbourbo> 
of  Otter  Feriy,  and  api)arently  for  some  distance  up  and  down  13 

*  I  ought  to  mention  that  I  did  not  niTself  observe  any  mara  of  limest^ 
in  ttie  middle  division,  or  great  body  of  Jat(*8,  although  it  oocurs  dosely  asa 
ciated  \Wtli  slate  amongat  the  upper  grits.  See,  however,  MacciiUoch,  •  Weste 
Isles,'  vol.  ii.  p.  4r)8.  where  he  says  that  the  Umeatone  "  peculiarly  accorapaniei 
tlio  clay -slate.  And  Col.  Imrie,  in  the  Edinburgh  Plmosophical  Transactioi 
vol.  vi..  describing  the  iKHTtion  along  the  N.  Eflk  in  Kincaraineshire,  inentia 
a  bod  of  limestone,  0  feet  thick,  amongst  the  slate,  and  another,  l!2  feet  thic 
bi^tm'on  two  thin  layers  of  black  shale.  See  also  an  interesting  riiort  noHoe 
Prof.  James  D.  Forbes  on  the  geology  of  tlie  parish  of  Fordoun,  in  the  'Statiitis 
Aeitount  of  Kincardineshire,'  where  lie  mentions  a  bed  of  linioitone  occurri 
in  tlie  midst  of  the  slate,  and  quarried  at  a  place  called  Clattering-brigs.  Dan 
SIiariM}  seems  to  have  found  no  Umestone  in  the  slate  at  Brig  o*  Cally.  Bim» 
Stratlieme,  and  Aberfoyle,  nor  in  Uie  IxKih  Lomond  section,  tliese  being  < 
]X)int.s  where  he  examined  it :  see  his  paper  in  tlie  Quart.  Jonm.  Gkol.  8c 
vol.  viii.  p.  12(). 

t  A  ^>ologieal  sketcli-map  of  the  district  has  been  depoflitod  by  the  mtX: 
in  the  .Sx'iel  v'j»  Librarv. 


1880-:] 


JAVIS80V — 8.W.  niGHLAinM. 


135 


loch,  the  strata  are  also  very 
quartzose  with  no  chlorite- 
schist ;  and  the  thickest  and 
most  persistent  bed  of  lime- 
stone, lying  at  the  base  of 
this  immense  quartz-deposit, 
and  ranging  from  Otter  by 
Barmore  to  Western  Loch 
Tarbert,  is  omitted;  while 
the  whole  district  of  Knap- 
dale  and  Crinan  is  traversed 
by  great  ranges  of  green- 
stone, of  which  no  indication 
is  given.  The  reason,  how- 
ever, why  MaccuUoch  omit- 
ted these  greenstones  will  be 
afterwards  more  particularly 
referred  to. 

§  2.  The  rocks  of  the  di- 
strict under  consideration 
seem  to  have  been  thrown 
into  agreat  undulation,  whose 
antidhial  axis  extends  from 
the  north  of  Cantyre,  through 
Cowal,  by  the  head  of  Loch 
Ridun,  on  to  Loch  Eck,  while 
the  axisof  thesynclinal  trough 
seems  to  lie  nearly  on  the  line 
of  Loch  Swen.  (See  the 
woodcut.) 

Macculloch,  in  his  work 
on  the  Western  Isles  (vol.  ii. 
p.  288),  had  remarked  that  in 
Cant}Te  the  mica-schist  on 
the  eastern  shore  dips  to  the 
E.,  and  on  the  other  side  to 
the  W. ;  and  Sir  Roderick 
Murchison  (Quart.  Joum. 
Geol.  Soc.  vol.  vii.  p.  169)  had 
noticed  a  fine  anticlinal  fold 
at  Loch  Eck.  These  obser- 
vations led  me  to  expect  that 
I  should  find  a  similar  phe- 
nomenon somewhere  near  the 
north  end  of  Bute  ;  and  ac- 
cordingly I  went  in  search  of 
it,  and  found  it,  not  in  Bute 
itself,  but  a  little  to  the  north 
of  that  island,  in  a  high  ridge 
near  the  Tighnabruich  steam- 
l2 
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boat-quay,  in  the  Kyles  of  Bute.  There  in  the  brow  of  a  li 
called  B(^n  Y-Happel,  whose  height  is  probably  somewhei 
1500  feet,  the  folding  over  of  the  strata  is  distinctly  seen ;  a 
its  8umniit  I  could  trace  the  same  anticlinal  axis  ranging  a 
a  long  distance  in  a  direction  about  N.  33°  E.  The  lowermo 
brought  up  in  this  anticlinal  fold,  as  displayed  here  and  at  ti 
end  of  Cantyre,  where  also  I  examined  them,  consist  of  ban 
masses,  much  wrinkled  and  contorted,  composed  chiefly  of  qu 
mica — although  felspar  is  also  to  be  found,  but  forming  in  mo 
only  a  small  proportion  of  the  rock.  Portions  would  be  < 
termed  gneiss,  even  in  the  strict  definition  of  that  term ;  ot 
tions  arc  more  of  the  nature  of  mica-schist,  and  some  of 
rook ;  while  a  greenish  substance,  probably  chlorite,  is  ofte 
to  the  whole,  giving  its  hue  to  the  rock.  The  colour,  1 
varies  from  pale  grcenish-groy  to  reddish-brown ;  and  I 
small  glancing  octahedral  crystals  of  iron-ore  in  various  pla 
near  the  Kyles  of  Bute  and  in  Cantyre.  Notwithstanding 
tamorphic  aspect  of  these  lower  rocks,  their  original  arenace 
racter  is  in  many  parts  still  apparent, — thick  beds,  finely  la 
containing  the  same  water-worn  piurticles  of  blue  and  grc 
as  are  found  throughout  the  whole  series  of  both  upper  a 
grits,  being  met  with  in  various  places,  enclosed  amongst  < 
which  the  lines  of  deposition  are  confused  and  obliterated, 
pervading  feature  of  the  rocks  all  about  this  anticlinal  axL 
highly  corrugated  and  contorted  aspect,  with  numerous  scg 
of  quartz.  This  axis,  I  am  inclined  to  think,  will  be  foun* 
through  the  country  for  a  very  long  distance,  passing  pro 
the  head  of  Loch  Lomond  on  to  the  valley  of  the  Tay,  wh< 
served  it  on  the  same  line  of  strike,  at  Aberfeldy,  in  1859. 
masses  of  hard  rugged  gneiss  and  mica-schist  rise  up  tl 
gentle  dome-shaped  curve,  and  are  seen  on  both  sides  of  t 
more  especially  in  the  rocky  face  of  Weem  Craig,  throwing  • 
micaceous  strata  to  S.E.  and  N. W. 

From  this  ridge  of  Ben  Y-Happel,  if  we  proceed  (soi 
ward)  across  the  Kyles  through  Bute,  we  pass  over  a  oo 
series  of  rocks,  following  each  other  in  quite  conformable  an 
and  all  dipping  steadily  to  8.E.,  until  we  come  to  the  Old  E 
stone  in  the  neighboiirhood  of  Bothesay.  In  no  part 
neither  on  the  east  side  nor  on  the  west,  where  I  followed  t 
line  of  coast  to  the  north  of  Scalpsie  Bay,  nor  in  the  inter 
meet  with  a  reversed  or  N.W.  dip.  If  again  wp  turn  our 
the  opposite  direction  (to  the  N.W.),  towards  Loch  Fyne, 
over  a  similar  series,  all  conformable  and  dipping  in  like  n 
the  N.W. 

§  3.  Taking  the  Bute  or  south-eastern  section  first  (wl 
very  satisfactory  one,  as  the  rocks  are  disposed  with  great  n 
without  any  quantity  of  disturbing  masses  of  an  eruptive 
it  will  be  found  that  after  leaving  the  neighbourhood  of  1 
clinal  axis  the  strata  become  gradually  less  and  less  contorte 
into  regular  parallel  beds  as  we  proceed  across  them;  the  qQ 
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mica  also  becomes  less ;  and  the  great  body  of  the  rocks  along  the 
very  dear  section  of  the  west  shore  from  Kilmichoel  to  Kilda- 
Tannan  Point,  where  the  slates  commence  (a  distance  of  about  three 
miles),  is  found  to  be  highly  siliceous,  often  almost  wholly  of  quartz ; 
they  are  in  fact  altered  sandstones,  varying  in  quality  from  fine  grit 
to  coarse  indurated  sand  with  grains  of  the  size  of  peas  or  beans, 
in  which  the  water- worn  character  still  remains  quite  distinct ; 
nothing,  however,  so  coarse  as  to  be  termed  a  conglomerate  oc- 
cnned.  These  siliceous  beds  vary  in  colour,  but  are  for  the  most 
{Art  of  a  pale  greenish-grey.  Although  no  decided  beds  of  slate  are 
met  with  along  this  part  of  the  section,  yet  there  are  some  nests  and 
patdies  of  fine  sediment,  and  even  a  few  thin  seams  here  and  there, 
precisely  similar  in  quality  to  the  material  of  the  thick  beds  of  slate 
that  follow.  These  slates  commence,  as  I  have  said,  at  Kildavannan 
Point  on  the  west,  and  at  Ardmaleish  Point  on  the  east  shore  of 
Bate,  there  being  frequent  alternations  of  grit  and  slate  where  they 
fint  make  their  appearance.  Near  the  base  of  these  slates  at  Kilda- 
yvaan  Point  I  found  some  arenacous  beds  composed  of  exceedingly 
fine  yellowish-green  sand,  often  parted  by  seams  of  white  sand,  all 
Ittunated  in  the  most  delicate  manner,  and  even  showing  indications 
of  false-bedding ;  they  also  alternate  with  coarser-grained  layers 
>UBikr  in  quality  to  the  underl3ring  grits. 

The  great  mass  of  slates  that  follow  consists  of  finely  laminated 

i^ents,  generally  of  a  greenish  colour,  but  containing  also  many 

iws  of  dark-blue  roofing-slate :  these  blue  slates  are  not  exclu- 

■vely  confined  to  any  one  part  of  the  series,  being  found  in  every 

portion  of  this  division;  but  they  are  perhaps  most  frequent  near  the 

^  and  top.    Many  alternations  of  dark-blue  and  green  slate  are 

f^n.    I  am  led  to  notice  this  the  more  as  the  late  Daniel  Sharpe, 

^  his  paper  on  the  Southern  Border  of  the  Highlands  (Quart.  Joum. 

GeoL  Soc.  vol.  viii.  p.  127),  had  distinguished  them  into  two  sepa- 

^  formations,  which  he  termed  the  dark-blue  and  the  chloritic  or 

pen  slates, — a  distinction  perhaps  correctly  descriptive  of  some 

j^^ties,  but  evidently  not  of  general  application.     These  thin- 

T^ed  sediments  form  a  zone  across  Bute,  extending  on  the  west 

^  from  Kildavannan  Point  to  a  place  called  Mecfaioch,  a  short 

J^ce  to  the  north  of  Ardscalpsie  Point,  and  on  the  east  side 

^  Ardmaleish  Point  to  Rothesay  Bay.   They  vary  in  quality  from 

^0  finest  clay-slate  to  slaty  flag  and  thin-bedded  grit ;  and  there 

*^  even  a  few  seams  of  coarse-grained  grit,  ¥dth  grains  of  the  size 

^  peas  or  beans.     Intercalated  seams  of  mica-slate  are  also  met 

y^    The  colour  is  various,  from  dark  purplish-blue  to  pale  green, 

•flvery-grey,  and  brown ;   but  the  prevailing  hue  is  greenish,  and 

^  rock  is  thinly  laminated.    They  had  been  the  finely  comminuted 

^iment,  the  sUty  mud  and  clay,  of  the  old  sea-bottom,  the  grits 

being  the  sand  and  gravel.     So  far  as  I  noticed,  the  lines  of  deposition 

^iie  almost  always  quite  distinct,  being  seldom  obscured  by  cleavage. 

Covering  these  thin-bedded  slates  I  found  a  thick  mass  of  grit, 

Ibrming  a  rugged  hilly  ridge  stretching  from  Ardscalpsie  Point  to 

Barono  Park  near  Rothesay,  and  of  which  Barono  Hill  attains  a  height 
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of  5;iS  feet.     These  grits  cover  a  space  at  least  a  mile  broad  in  the 
middle  of  the  island ;  and  as  they  dip  at  high  angles  to  the  8^.,  they 
must  evidently  be  of  considerable  thioknesB.  Th^  are  fho  iippomoitfe 
of  the  old  rocks  as  displayed  in  Bute,  being  bordered  by  the  Old  Bed 
Sandstone  to  the  south  along  the  hdlow  of  Loch  fidd  aadLiA 
Quien  to  Scalpsie  Bay.    The  actual  meeting  of  the  two  ftnaaiMVy 
however,  is  not  seen,  except  for  an  insignificant  spaoe  at  AxdMa^a0 
Point ;  and  a  good  deal  of  trap  appears  to  occur  along  the  boondBy* 
These  grits  are  not,  I  believe,  the  lower  grits  brmig^t  19  by  » 
fault;  for  they  follow  the  slates  quite  oonfonnably,  withoot^  soteatf 
I  observed,  any  trap  coming  up  between  them.    Ther  oontm  ftjfe 
least  one  band  of  dark-blue  slatey  near  their  basey  and  also  Stt^ 
somewhat  from  the  lower  grits  in  containing  a  gieater  pravalflDse  0^ 
coarse-grained  gravelly  layers.  There  maybe  some  fault  at  the  KX^ 
base  of  Barone  Hill,  where  the  ridge  soddeoly  terminates;  ftr  ^ 
great  trap-dyke  crosses  the  island  tibere  in  a  N.W*  diieoCioDy  aaS^ 
traversing  the  slates,  runs  out  to  the  shore  a  little  to  the  aovQi  oC 
Ettrick  Bay ;   but  whether  there  actually  is  a  fault  I  ooold  m^^ 
determine,  owing  to  the  nature  of  the  ground. 

This  Bute  section,  then,  shows  at  its  base  a  set  of  contorted 
grits,  followed  by  a  great  thickness  of  siliceooB  grit»  above 
comes  an  extensive  development  of  thin-bedded  sedunents  or 
these  slates  being  covered  by  a  mass  of  grit  containing  at 
scam  of  slate,  and  having  more  frequent  beds  of  coarse  grai 
ture  than  are  met  with  in  the  lower  grits.    I  observed  no 
bed  of  limestone  in  these  old  rocks  of  Bute,  but  ibondy  deep  down 
the  lower  grit,  some  beds  which  contained  calcareous  mattoTj   *" 
vescing  readily  with  nitric  add. 

§  4.  In  descending  from  the  antidinal  axis  of  Ben  T" 
towards  Loch  Fyne,  I  found  ridge  after  ridge  unfidding  predunlT 
same  series  of  micaceous  grits,  indurated  sand>  and  gnml  Hist  I  i 
examined  in  Bute,  in  a  similar  state  of  metamorphism,  all    " 
ing  each  other  conformably,  and  dipping  steadily  to  the  N.W. ; 
these  grits  continue  all  the  way  across  to  Otter,  where  tiMn  « 
thick  bed  of  bluish  limestone,  forming  a  small  wooded  hill,  and  ^ 
ried  beside  the  Otter  Inn.  llus  limestone  is  oovOTedby  quaitH 
and  rests  u[K)n  micaceous  grit,  and  may  bo  traeed  fiir 
along  its  N.£.  strike.    I  believe  it  is  also  found  near  irn^wn . 
I  heard  of  some  other  seams  or  bands  of  limestone  in  ~~ 
somewhere  near  Ardlamont  Point,  which  would  be  on  the 
the  calcareous  grit  that  I  observed  in  Bute. 

Again,  in  following  the  west  shore  of  Loch  fjn^  from  the 
bourhood  of  the  anticlinal  axis  in  Cantyre  north  to  T<nrh  flilphoafl/ 
strata  all  have  a  general  dip  to  the  N.W.  I  foon^flrst  the 
coarse  gneiss  and  mica-schist  to  the  sooth  of  East  Looh 
gradually  falling  into  more  r^^ilar  stratification  towaidi 

near  which  a  strong  band  of  blush  limestone^  quarried  at 

and  apparently  the  same  as  that  of  Ottor,  runs  aorosa  toWoitlus^^ 
Tarbert.  After  passing  Barmore  the  rock  is  very  silieeoiiBy  aid  esM^ 
tinues  so  all  along  the  base  of  the  lofty  ridge  of  Slidllli  Gcil  SH-  --^ 
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¥eal  Dhu  Point,  the  general  cbaracter  being  a  sort  of  granular 
qoartz-rock  with  little  mica.     Several  large  masses  of  greenstone 
wate  ont  between  the  beds,  and  have  crumpled  them  up,  and  in  some 
casBB  much  altered  their  mineral  texture,  but  do  not  seem  to  derange 
the  succession  of  the  main  body  of  the  strata.     At  Meal  Dhu  Point, 
or  Stxx)ndoiry  the  rock  assumes  more  mica,  and  continues  to  be  mostly 
micaceous  with  occasional  beds  of  a  more  quartzy  nature  on  to  In- 
vemeil,  where  seams  of  green  slate  b^;in  to  show  themselves  and 
become  more  and  more  numerous  until  they  finally  give  the  character 
to  the  whole ;  and  from  Ardrishaig  to  Loch-Gilphead  the  rock  all 
consists  of  the  thin-bedded  green  slates,  much  traversed  by  green- 
stone, but  dipping  constancy  to  N.W.  at  low  angles.     Notwith- 
standing the  prevalence  of  those  greenstones  all  along  the  shore  here, 
^  passage  of  the  lower  grits  into  the  base  of  the  slate-scries  is 
clearly  indicated ;  and  some  of  the  finely  laminated  green  arenaceous 
layers  noticed  near  Kildavannan  Point  occur  also  in  the  correspond- 
^  partof  the  section. 

fading,  however,  no  sections  along  the  Crinan  Canal  to  show  the 
upper  part  of  the  slates,  I  betook  myself  to  the  ridge  of  Cruach  Lussa 
(the  highest  hill  in  North  Enapdole — according  to  the  Admiralty 
^^l^art  1530  feet),  lying  between  Loch  Fyne  and  Loch  Swen,  where  I 
f(yuxid  the  passage  of  the  slates  into  the  upper  grits  well  nianifcsted 
^  'the  soutJi-eastem  flank  of  that  mountain. 

T*he  base  of  the  hill  is  here  formed  of  a  great  thickness  of  these 

finely  laminated  greenish  slates,  dipping  N.W.,  at  a  high  angle,  into 

the  interior  of  the  ridge ;  and  as  I  ascended  I  found  them  pass  up 

Jj^to  greenish  grits,  with  several  thick  masses  of  bedded  greenstone. 

*"CJ8e  appear  to  form  all  the  upper  part  of  the  hill ;  but  subordinate 

**^^  seams  occur  here  and  there,  and  one  such  finely  laminated  bed 

P*^^Mcs  over  the  very  summit,  enclosed  between  beds  of  grit  and 

^"^"^^enstone.     The  N.W.  brow  of  the  hill  shows  thick  strata  of  coarse 

^^"^^^^velly  grit,  perfectly  identical  with  those  in  the  upper  grits  of  Bute, 

^^'^^^  showing  the  same  water- worn  grains  of  bluish-hyaline  and  grey 

?i^'^'  of  the  size  of  peas  or  beans, — ^these  beds  all  dipping  to  N.W. 

_]^  a  very  steep  angle,  accompanied  by  enormous  masses  of  bedded 

^^^«enstone,  which  range  from  S.W.  to  N.E.  for  miles,  quite  con- 

^^nnably  to  the  strata. 

Between  Cruach  Lussa  and  the  Crinan  Canal  there  is  a  barren 

^''jland  tract  studded  with  tarns  or  little  mountain-loehs,  several  of 

^^hich  have  been  converted  into  reservoirs  for  the  service  of  the 

^«nal.     This  region  is  highly  interesting  in  a  geological  point  of 

^cw,  much  of  tiie  rock  being  exposed,  and  showing  great  parallel 

Vidges  of  greenstone  running  along  between  thick  beds  of  grit,  with 

%ome  intercalated  seams  of  slate  and  bluish  limestone.     At  least 

two  beds  of  limestone  occur  in  these  upper  grits  here,  but  neither 

of  them  so  thick  as  that  at  Otter.    They  contain  a  good  deal  of  sand, 

and  seem  well  adapted  for  the  preservation  of  fossils  ;  and,  although 

I  fiiiled  to  find  in  them  the  slightest  trace  of  organic  life,  I  cannot 

bat  think  such  will  yet  be  found.     There  aro  also  several  finely 

laminatod  acbistose  or  slaty  beds ;  but  these  are  seen  to  be  clearly 
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subordinate  to  the  grits,  whicb,  with  the  greenBtaneSy  i 
predominating  features  in  the  geology  of  this  tract.  Roi 
the  head  of  Loch  Swen,  the  dip  of  the  strata  becomes  m 
nearer  to  vertical ;  and  in  the  neighbourhood  of  that  loch  th 
position  of  the  strata  is  almost  upright,  leaning  occasionally 
and  occasionally  to  N.W.,  but  always  striking  from  S.W. 
and  to  the  west  of  Loch  Swen  the  character  seems  to  Ix 
repetition  of  those  I  haye  been  describing.  We  find  the  st 
beds  of  grit  and  greenstone,  accompanied  by  subordinate 
slate  and  indications  of  limestone,  still  dipping  at  high  aiij 
the  inclination  is  now  found  to  set  in  to  S.£.  I  therefore  tJ 
here  we  have  a  synclinal  trough  whose  axis  lies  in  the  dii 
Lo(*h  8wcn ;  and,  from  the  great  apparent  thickness  of  tl 
even  allowing  for  many  repetitions,  I  conceive  that  we  ha^ 
district  a  quantity  of  beds  belonging  to  the  upper  grits  bey 
is  found  in  Bute,  where  they  terminate  abruptly  at  the  boD 
Old  Red  Sandstone. 

§  5.  From  the  descriptions  and  maps  of  Macculloch,  in  h 
work  on  the  geology  of  the  Western  Isles,  it  appears 
easterly  dip  is  maintained  all  through  the  islands  of  Shun 
and  Scarba,  on  to  Jura,  subsiding  gradually  to  lower  anj 
exhibiting  a  descending  series  of  grits  and  greenstones,  fol 
clay-slate,  mica-slate,  and  quartz-i^ock,  in  the  very  same  c 
have  described  them  in  Enapdale  ;  and,  although  I  hod  no 
visit  those  islands,  I  have  Uttle  doubt  that  in  the  quart 
Jura  we  have  the  western  extension  of  those  great  siliceoi 
that  form  the  lofty  lidges  of  Sliabh  Goil  and  Meal  Dhu, 
Loch  Tarbert  and  Loch  Killisport.  The  clay-slate  fon 
eastern  border  of  Jura,  and  ranging  north-east  througl 
Lunga,  and  Luing,  on  to  Eisdale,  I  have  as  little  hesitatio 
ing,  represents  the  slaty  beds  of  Bute,  which,  rolling  over 
clinal  fold,  plunge  under  the  upper  grits  of  Cruach  Lussa 
appear  again  to  the  westward  in  the  reversed  curve,  trough 
were,  these  upper  grits ;  and  if  the  limestone  of  Islay,  G 
and  Lismore  lies  at  the  base  of  the  Jura  quartz-rock,  we  1 
also  paindleled  by  the  calcareous  masses  of  Otter,  Bam 
West  Loch  Tarbert,  which  lie  beneath  the  quartz-rock 
localities. 

With  regard  to  the  thickness  of  these  old  rocks,  takii 
side  of  the  anticlinal  axis,  their  enormous  dimensions  an 
apparent.  The  mass  of  lower  grits,  judging  from  the  But 
must  be  many  thoasand  feet  thick ;  and  the  group  of  thi: 
slates  in  that  island  has  an  apparent  thickness  of  2000 
feet ;  while  the  upper  grits,  although  far  short  of  the  di 
they  seem  to  attain  in  Knai>dale,  form  also  a  considerable 
strata. 

§  6.  The  greenstones,  which  I  have  so  often  mentionec 
most  remarkable  feature  in  the  geology  of  Knapdale.    Th 
their  greatest  development  among  the  upper  grits  of  the 
trough,  but  are  not  confined  to  them,  and  alternate  with  IJ 
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huge  parallel  masBes  nmning  from  S.W.  to  N.E. ;  and  to  such  an 
imi  are  they  developed  in  many  places,  as  quite  to  overwhelm 
e  associated  strata.  From  the  fact  of  their  being  thus  inter- 
ntified  with  the  slates  and  grits,  Maeculloch  seems  to  have  re- 
izdod  them  all  as  aqueous  sedimentary  masses  ;  for  he  has  inserted 
)  trap  or  igneous  rock  in  his  map  whore  they  occur,  and  has 
Mcribed  them  as  a  mere  variety  of  chlorite-schist  (see  *  Western 
to,*  vol.  ii.  p.  290).  They  are  the  typical  beds  of  his  "  chlorite- 
fM,^  forming,  as  he  says,  nearly  three-fourths  of  it ;  and  it  is  from 
tem  that  he  has  bestowed  the  name  on  the  group, — quartz-rock 
nng  ranked  next  in  quantity. 

I  was  unable,  however,  to  perceive  any  character  whereby  they 
nM  be  distinguished  from  other  greenstones :  for  they  seem  to  be, 
ff  the  most  port,  composed  of  felspar  and  hornblende,  and  have 
maanve  form  and  crystalline  structure  like  syenite  or  granite ; 
My  may  also  be  occasionally  observed  resting  on  the  upturned 
dges  of  the  sedimentary  strata ;  and  finally,  what  seemed  to  me  a 
ondusive  character,  they  have  in  many  places  exerted  a  powerful 
letamorphic  action  on  the  adjoining  strata.  On  the  other  hand,  it 
I  difficult  to  conceive  how  they  could  be  of  an  eruptive  nature,  or 
^  injected  among  the  stratified  beds  posterior  to  their  formation 
without  deranging  the  disposition  of  these  to  a  far  greater  degree 
tttn  they  have  done :  and,  what  is  even  still  more  singular,  there 
re  many  huge  masses  which  seem  to  have  exerted  no  metamorphic 
ifect  whatever  on  the  adjoining  beds  of  grit,  which  display  the 
^■ter-wom  grains  of  quartz  in  a  perfectly  similar  condition  to 
Itose  of  Bute,  where  no  such  greenstone  is  near  them. 

I  have  already  mentioned  that  great  quantities  of  greenstone  come 
nt  between  the  strata  along  the  west  shore  of  Loch  Fyne,  between 
^ore  and  Loch  Gilp.  Cbie  of  these,  near  a  place  marked  Mil- 
Kse  on  the  Admiralty  Chart,  is  about  sixty  yards  broad,  and  has 
beted  the  quartz-strata  on  both  sides,  crumpling  them  up  into 
i^rongly  wrinkled  and  corrugated  masses^  whose  original  greyish- 
^  colour  has  been  changed  into  various  hues  of  purple,  red,  and 
^ow;  and  there  are  many  segregations  of  vein-quartz,  together 
"^  streaks  of  a  red  colour  strongly  impregnated  with  iron-ore. 
"^  granular  texture  is  also  efiaced,  and  they  have  become  com- 
^  and  close-grained,  like  homstone.  The  lamination  and  strati- 
*tion  are  in  some  places  obliterated,  and  the  rock  traversed  by 
u&erous  fissures.  At  another  spot,  near  Erins,  1  observed  some 
'^ge-shaped  masses  of  greenstone  proceeding  from  the  main  body 
d  intruding  amongst  the  quartz,  where  they  thinned  out  into  tcn- 
l^like  streaks.     Near  Meal  Dhu  Point  another  bed  of  greenstone, 

or  40  yards  thick,  is  seen  coming  out  between  the  (]uartz- 
^ta,  and  powerfully  affecting  them  on  both  sides  to  a  distance  of 
*^t  20  yards.  The  stratified  rock  is  crumpled  up,  loses  its  ordi- 
^  pale  greenish-grey  hue,  and  assumes  a  variegated  colour  of 
^»  ochrey-yellow,  green,  and  brown,  irregularly  mingled ;  while 
k  lamination  is  in  many  places  quite  obliterated,  and  ravelled 
^  of  qoartc  ramify  through  it.     Masses  of  the  rock  are  oou- 
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verted  from  a  quartz-grit  into  compact  jasper-like  or  hon 
quartz.  The  greenstone  itself  if»  likewise  affected,  and  travel 
some  ver}'  odd  veins  of  quartz,  which  seem  to  proceed  out 
sedimentary  rock.  Various  thinner  beds  of  greenstone  ai 
near  these,  interstratified  ^vith  the  quartz-rock  and  follow 
undulations.  Between  Invcmeil  and  Loch-Gilphead  I  nod 
stances  where  layers  of  mica-slate,  followed  along  their  strili 
be  seen  gradually  to  assume  a  greenstone  aspect ;  these  mi 
strata  are  also  often  much  contorted  in  the  neighbourhood 
greenstone,  which  is  itself  occasionally  altered  and  travel 
cream-coloured  veins.  The  action  of  the  greenstone  upon  th 
bedded  slates  may  bo  noticed  in  the  low  masses  along  tht 
near  Ardrishaig  Hotel.  Sometimes  it  has  caused  a  segrega 
the  miueral  ingredients,  the  quartz  forming  numerous  white 
parallel  to  the  bedding,  together  with  some  larger  veins  rai 
in  a  more  irregular  manner ;  carbonate  of  lime  has  also  i 
cases  segregated  along  with  the  quartz ;  while  the  chlorite  1 
in  a  great  measure  been  purged  of  its  impurities,  forming  i 
mass  which  has  quite  lost  its  laminated  fissile  character, 
some  ciises  it  appears  to  pass  insensibly  into  the  grec 
Although  neither  here  nor  elsewhere  did  I  notice  veins  rai 
from  the  greenstone,  yet  it  has  in  some  cases  burst  throu 
strata  transverse  to  the  bedding,  in  good-sized  masses.  An  L 
of  this  may  be  seen  on  the  shore  about  halfway  between  Arc 
and  Loch-(jil])head,  near  a  place  marked  Glenbum  in  the  Ad 
(,'hart,  where  some  greenstone  has  protruded  across  the  grot 
strata,  which  become  much  crumpled  as  they  approach 
assume  an  iiTcgular  sort  of  cleavage,  or  cross-planes  of  divisioi 
also  become  more  micaceous ;  and  at  some  points  the  prolo: 
of  these  micaceous  slates  passes  insensibly  into  the  gr& 
witliout  any  clear  line  of  separation ;  there  is,  in  short,  a  j 
conversion  of  the  slate  into  a  massive  greenstone ;  but  in  othc 
the  line  of  meeting  is  easily  seen. 

On  the  shore  of  Loch  Fyne,  to  the  north  of  Otter  Fen 
a  place  marked  Gortans  in  the  Admiralty  Chart,  where 
stone  has  invaded  the  quartz-strata  and  caused  much  alterati 
contortion  in  them,  I  observed  a  curious  change  in  the  grei 
itself  near  its  contact  with  the  quartz,  whereby  it  assumed 
ated  strncture,  and  became  highly  micaceous — in  short,  took 
as])ect  of  a  greenish  mica-schist  to  the  thickness  of  one 
feet. 

I  observed  likewise  instances,  both  in  Bute  and  KnapdalO] 
dark  iissilo  clay-slate  is  changed,  near  its  contact  with  gree 
into  a  substance  like  basalt.  On  the  line  of  the  Crinan 
between  Dunaitry  and  Ballenoch,  a  mass  of  greenstone  i 
spicuoiisly  seen,  the  weathei-ed  surface  of  which  is  full  of  < 
concretions  like  those  often  noticed  in  decomjx>sing  trap. 

The  chlorite-series  has  been  laid  down  in  the  map  df  Mac 
only  in  Argyleshire ;  this  geolc^st  therefore  seems  to  have  re 
it  as  distinct  iivm  any  of  the  other  Scottish  fonnations. 
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this  view  we  ahould  have  the  Bingolar  fact  of  an  immense  succcs- 
gum  of  sedimentary  strata  developed  here  and  nowhere  else.  This  I 
beliere  to  have  arisen  from  his  having  mistaken  a  trap-rock  for  an 
iqueous  sediment. 

Another  feature  of  the  case  even  still  more  singular,  if  we  should, 
vith  Maccullochy  hold  these  greenstones  to  be  merely  highly  meta- 
morphosed aqueous  sediments,  would  be  the  fact  of  immense  fel- 
spathic  and  homblendic  beds  alternating  with  others  remorkablo 
for  the  absence  of  both  these  ingredients,  and  all  deposited  from  the 
suoe  sea.    It  is  easily  understood  how  beds  of  grit  should  alternate 
with  slate  and  schist ;  for  the  one  is  the  sand,  the  other  the  mud 
of  the  old  sea-bottom,  separated  by  the  action  of  gravity  ;  but  it 
woold  be  difficult  to  comprehend  how  the  action  of  sea- water  could 
hare  sifted  so  finely  grains  of  felspar  from  those  of  quartz,  their 
ipedfic  gravity  being  aUke.     In  the  Silurian  rocks  of  Wales  and 
elsewhere,  beds  supposed  to  consist  of  contemporaneous  trap  or 
volcanic  ash  are  interstratified  with  ordinary  aqueous  sediment ; 
t&d  it  IB  quite  intelligible  that  felspathic  matter  from  an  igneous 
source  might  be  ejected  at  intervals,  so  as  to  be  thus  interstratified 
with  quartz-sand  derived  from  the  erosion  of  different  materials ; 
bat  in  such  cases  the  beds  of  igneous  matter  have  been  distinguished 
from  the  ordinary  aqueous  deposits  with  which  they  are  associated, 
hy  a  name  marking  their  proper  origin.     'VSTicther,  therefore,  these 
S^^enatone-rocks  of  Knapdale  are  of  contemporaneous  formation 
yith  the  strata  beside  them,  or  whether  they  have  been  subsequently 
Elected  amongst  them,  they  ought  in  my  opinion  to  be  clearly  di- 
f^^'^^uiahed  frx>m  the  grits  and  clay-slates,  and  not  classed  under  the 
^®ad  of  a  mere  variety  of  these,  as  they  have  been  by  MaccuUoch. 
^.P^fer,  then,  using  the  term  htdded  greenstone^  as  marking  this 
^^^^ction  and,  at  the  same  time,  indicating  the  fact  of  their  alter- 
^tioxi  with  the  stratified  layers,  as  well  as  conveying  a  more  just 
^*  of  their  minerulogical  features. 

^  -^  Was  unable  to  devote  sufficient  time  for  a  thorough  examination 
^He  district  where  these  bedded  greenstones  occur,  and  would 
^^imiend  the  locality  to  the  attention  of  any  geologist  who  may 
^^  the  opportimity,  as  likely  to  be  well  worth  the  labour  of  an 
^^^:nnation  ;  for  it  is  very  probable  that  here  there  may  be  green- 
^^^^8  of  difierent  ages  and  various  origin.  I  myself  noticed  some 
/^^cal  dykes  of  trap,  of  a  blacker  hue,  which  were  evidently  of  a 
7^^  date,  running  in  a  N.W.  direction,  and  cutting  across  both  the 
/^^nstone  and  grit,  and  causing  alteration  at  the  line  of  contact. 
^^^  such  may  be  seen  in  following  up  the  course  of  the  stream 
*^t  joins  the  Crinan  Canal  at  Caimbaan,  and  do\vn  which  the  tor- 
^^t  descended  when  the  reservoirs  burst. 

Ihe  fact  of  veins  of  lead-,  copper-,  and  iron-ores  being  met  with 
^  sereral  parts  of  this  greenstone-traversed  district,  is  a  circum- 
^^noe  characteristic  of  igneous  action.  In  the  micaceous  strata  to 
Me  floath-west  of  Invcmeil  I  saw  a  lode  or  vein  of  white  quartz,  a 
^t  or  more  thick,  which  in  many  places  is  very  rich  in  galena,  fre- 
|\iently  accompanied  by  sulphurct  of  iron  and  copper.    This  vein 
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of  quartz  is  also  encrusted  in  some  places  with  beautifiil  little  c 
stals  of  carbonate  of  iron  or  sparry  iron-ore.  Its  coarse  is  net 
vertical,  with  a  strike  about  N.  25°  W.  It  had  been  wroughl 
former  times  as  a  mine,  and  is  now  oi)ened  anew.  Other  veins  c 
similar  nature,  with  some  ironstone,  are  known  to  occur  in  the  kr 
grits  between  Invemcil  and  Barmore ;  and  I  heard  that  a  vdi 
lead  had  once  been  opened,  at  the  rocky  jwint  between  Lodi  ( 
and  IxKjh  F}iie,  and  idso  near  Dunartry,  in  the  upper  grits. 

§  7.  I  examined  the  limestones  that  came  under  my  notice 
fossils,  more  particularly  the  thick  calcareous  grit  of  Otter,  wl 
seemed  a  likely  rock  for  containing  them ;  but  in  none  did  I  percn 
anything  of  tlie  kind.  In  the  weathered  surface  of  some  of 
quart2-grits  in  Knapdale,  both  above  and  below  the  slates,  I  noti 
numerous  circular  cavities,  and  also  some  curious  elongated  stri 
of  coarser  sand,  which  suggested  the  idea  of  Annelide-bunows 
could  not,  however,  satisfy  myself  as  to  whether  such  was  actoi 
their  origin,  and  must  leave  it  to  the  decision  of  those  who  ki 
more  about  these  matters. 

The  period  at  which  these  old  beds  of  sand  and  mud  had  b 
throMm  into  undulations  and  changed  into  quartz-rock,  mica-ech 
and  slate  is  evidently  very  remote;  for  the  Old  Ked  Sandsti 
conglomerate  in  the  shore  beside  Rothesay  is  seen  to  bo  made  u{i 
the  debris  of  these  strata ;  and  it  is  important  to  remark  that 
water- rolled  pebbles  of  siliceous  grit,  mica-schist,  and  slate  hi 
quite  as  mctaniorphic  an  appearance  as  tlie  parent  rocks  fir 
whence  they  were  derived  have  at  the  present  day.  Many  of  th 
imbedded  fragments  show  the  same  contorted,  wrinkled,  fdia 
structure,  and  are  traversed  by  the  same  ramifying  veins  of  qni 
(which  had  solidified  before  the  water-rolling  of  the  fragments), « 
in  short,  are  altogether  identical  in  their  mineral  complexion  w 
the  present  features  of  the  rocks  I  have  been  describing.  Th 
metamorphism  must  therefore  have  been  completed  before  the  ( 
Ked  conglomerate  began  to  accumulate ;  and  this  leads  to  the  ec 
elusion  that  a  great  chasm  intervenes  between  the  era  when  thi 
old  rocks  were  formed  and  that  of  the  Old  Ked  Sandstone,  and  farii 
us  to  assign  to  them  a  date  anterior  to  that  of  the  upper  Siluii 
beds.  Tlioy  do  not  appear  to  resemble,  in  mineral  features  at  lei 
either  the  ''  Cambrian  sandstone,"  or  the  <<  fundamental  gneiss  " 
Sir  Roderick  Murchison,  described  by  him  as  occurring  in  the  Noil 
west  Highlands ;  while  they  seem  to  bear  a  striking  resemblance 
the  quartz-rocks,  limestones,  and  mica-schists  of  Sutherlandshire,d 
shown  by  the  same  geologist  to  be  of  Lower  Silurian  age, — ^the  d 
difference  being  the  presence  of  the  bedded  greenstone,  wludi,  ho 
over,  is,  as  I  have  shown,  a  local  phenomenon,  being  absent  in  Bn 
So  far,  tlierefore,  as  lithological  appearances  are  entitled  to  wdg 
there  is  reason  to  believe  them  to  be  of  similar  date  to  those  rocki 
the  North-west  Highlands.  However,  as  mere  mineral  featu 
alone  form  a  very  unsafe  criterion  in  such  cases,  we  must  look  eiti 
for  evidence  proving  the  physical  synchronism  of  thefle  beds 
Ai^*leshiro  with  the  North-western  t^'pes  of  MurdusoDy  or,  i 
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better,  for  some  dear  foesil-evidonce,  before  we  can  arrive  at  a 
ptntire  determination. 

Peibaps  the  most  interesting  fcatore  of  the  district  described  is 
the  immense  development  of  these  bedded  grcenstonesy  which  may 
lenre  as  a  parallel  to  the  similar  phenomenon  in  Wales ;  and  to  this 
I  would  beg  to  draw  the  further  attention  of  those  interested  in  the 
itody  of  trap-rocks. 


Kkihe  Position  of  the  Beds  of  the  Old  Eed  Sandstone  developed 
m  the  CoFNTiBS  of  Foefab  and  Kincabdine,  Scotland.  By  the 
Be?.  HuoH  Mitchell. 

[Communioated  by  ihe  Seoretarj.] 
$1.  The  time  has  now  come  for  us  safely  to  pronounce,  from 
ptlsontologieal  evidence,  upon  the  place  of  those  fossiliferous  flag- 
ittmes,  wiUi  their  associated  sandstones  and  conglomerates,  which 
•w  spread  over  a  large  territory  in  the  counties  of  Forfar  and  Kin- 
cirdine,  and  which  are  referred  to  in  a  paper*  read  by  Prof.  Hark- 
nesB  before  the  Oeological  Society  on  the  18th  January  of  this 
ptwentyeart. 

The  superficial  area  of  country  referred  to  in  this  paper  is  almost 

tile  same  as  that  in  the  paper  of  Prof.  Harkness,  namely  a  district, 

comprehending  all  the  lowland  parts  of  the  two  counties,  bounded 

Ml  tiie  north  by  the  Grampian  Mountains,  impinging  on  the  west  on 

the  Goonty  of  Perth,  and  bounded  on  the  south  and  east  by  the 

B^nnan  Ocean.  The  objects  of  the  papers  are,  however,  very  different. 

^     hot  Harkness  illustrated  the  stratigraphical  arrangement  of  the 

'^  by  numerous  sections  along  the  northern  boundary-line,  where 

they  lean  against  the  crystalline  schists  of  the  Grampians ;   our 

Hf^tion  is  now  directed  more  to  the  beds  as  spread  out  and  ex- 

"teed  in  the  beautiful  tract  of  country  to  the  south-east  of  the 

Jwmtains,  and  which  have  of  late  years  begun  to  yield  not  a  few 

'^^ivteristic  and  important  fossils.     It  is  now  wished  to  state  the 

i^feontological  data,  collected  by  the  writer  in  the  course  of  several 

^^9  whidi  lead  to  certain  conclusions,  in  his  opinion,  sufficiently 

^'^^Qrmining  the  position  and  the  importance  of  these  rocks  in  the 

^logical  scheme  J. 

^  ^titled  **  On  the  AnoeiAtion  of  the  Lower  Members  of  the  Old  Red  Sand- 
A^*^  and  the  Metamorphic  Bocks  on  the  Southern  Margin  of  the  Grampians/' 
^!J^*^  Joum.  GeoL  Soo,  toI.  xW.  p.  312. 

jiT  See  also  a  paper  by  the  author  "  On  the  Flagstones  of  Forfarshire/'  '  Geo- 
22^*  1899,  vol.  ii.  p.  147;  his-'* Notice  of  New  Fossils  from  the  Lower  Old 
Sf^L  8ttidstoiie  of  Scotland/'  *  Geoloeist,'  1860,  vol.  iii.  p.  273;  and  Mr.  W. 
^^^>ie'8wper  *<  On  the  Old  Bed  Sandstone  and  its  FossQ  Fish  in  Forfarshire/* 

fl^    The  reader  is  referred  to  the  11th  chapter  of  *Siluria,'  2nd  edit.,  1859,  for 


^^  — .^  and  most  complete  review  of  the  history  of  the  Old  Bed  Sandstone, 
r?^  for  the  ooirecCions  made  by  Sir  B.  I.  Murchison  in  the  correlation  of  the 
r^^*il members  of  this  group.  TheTable  at  pp.  432  &  433  of  *  Siluria*  gives  a 
^2«nl  view  of  the  dasmfication  adopted  by  Sir  Boderick, — the  Upper,  Middle, 
^I^Lcmer  divisions  of  the  Old  Bea  Sandstone  of  Scothmd  being  respectively 
y***2hfcmiied  with  different  zones  of  the  Old  Bed  and  Devonian  rocks  of  Eng- 
*"^  tod  Surope.— Edft. 
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§  2.  Fossils  ocmrriiig  in  the  Lower  Old  Bed  of  Fnfar  and  Kk' 
au'dineshire, — ^\Vith  one  oxeoiyiioTi{Stylo7mru8),'wYdcli  is  in  thepoB- 
session  of  Mr.  Powrie,  of  Reswallie,  the  writer  can  produce  from  bia 
o\m  cabinet  the  fossils  enumerated  in  the  annexed  Table ;  but  there 
are  still  many  undescnbed  Ichthyodorulites  and  separated  scales  cA 
fishes,  wliich  it  is  believed  indicate  other  new  genera  and  spedefl 
There  are  also  unnamed  species  (if  not  genera)  of  the  family  of  (li« 
Eun/2^teridcP  among  the  Crustacea.  It  must  not  be  forgotten  tha 
in  tiiese  rocks  there  is  also  a  unique  but  fragmentary  flora,  of  whicl 
the  only  form  at  all  resembling  any  recorded  species  is  an  organisr 
almost  identiciil  with  that  figured  in  plate  35.  fig.  30  of  *  Siliiri* 
and  \s'hich  Dr.  Hooker  considers  to  be  the  spores  of  some  cryptogam] 
land-plant*.  There  are  also  forms  in  the  author's  possession  aboo 
wliich  only  a  conjecture  can  be  hazarded.  From  one  locality  alah 
have  been  procured  containing  imprintod  on  their  surfaces  all  th 
phenomena  uf  a  sea-shore  of  the  period — Annelide-tubes,  Annetide 
ti-acks,  a  great  variety  of  Crustacean  tracks,  rain-prints,  and  deaic 
cation-cnicks. 


a 

. 

j 

i  . 

1 

1 

FoBfiilii  ocetimng  in  the  Lower  OJd  Eed  Sandjtone 

2 

1 

1                      of  Forfar  uid  EJtiamlin^shjroL 

* 

1 

ii 

i^ 
5 

Jl 

* 

Cr^^hi^ht^jfin      1         .         ,         ,         .         .         . 

«        1 

Ctiiilialaapis  Ljeliii»  Agasi. 

AbundAnt 

Ptyfhiiriiiithufi  diibiu*^  -ij^rtw- 

# 

* 

• 
• 

Jpftitfhtiflrii 

Acftiithodefl  MitdieUi,  F^t 
lirat.'hviuainthu*  Bcutigior,  -^«i 
Ihpiaeitnthm   . 
Diplttcanthuft,  2  ipp.  nor, 

fhifhifs    *         »         .         , 
Onehus,  2.  spp.  hot. 

t 

« 
Abimdimt 

* 

• 

* 
• 
* 

- 

• 

* 

Ctenscantliufl,  2&pp.  nov, 

CliniBtiuii  reticulntua,  A(fii». 
Styionum*  PowrieiiF^ia.  P<taf 
Kanjjwvarifl  ForfjuricDsb,  Ptig0 

Phri/tfittuA 

Ptcngoiue  AnglicuB,  AgdM. 
Piirhl       ,          .          ,          * 
Park*  def-ipipn*,  Ffept.     * 

* 
* 

« 
» 

Abundant 

Abundant. 

* 

* 

StKjPPB  of  ft  knd-plant  {PaehyrMtcu,  KooVm-) 

» 

__ 

*■  Paclii/fhrca,  Hooker,  MS.     See  also  Quart  Joiini.  QeoL  Soo.  toL  iz.   f 
10  &  12 ;  and  '  Siluria/  2nd  edit.  p.  267,  nofe.^Ehn. 
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On  Bome  of  the  foflsils  in  the  aboYo  list,  a  few  brief  remarks  may 
e  illowed.  Cephalaspis  Lydlii^  figured  by  Agassiz,  is  from  Glammis, 
'oi&r;  it  is  by  no  means  rare.  Ptychacainthm  dubius  appears,  from 
peennens  in  the  writer's  possession  and  in  the  cabinet  of  ^Ir.  Walter 
I'Niod  at  Tealing,  to  be  the  posterior  portion  (serrated  along  tho 
DBCT  margin)  of  the  head-plate  of  a  species  of  Cephalaspis, 

Tbe  Acanthodian  fishes  are  new  to  science,  and  are  about  to  bo 
kicribed  by  Sir  Philip  Egerton  in  a  <  Decade'  of  the  Geological 
kvrey.  PUctrodus  has  only  recently  been  found  here ;  and  any  day 
Ite  Btioke  of  tho  hammer  may  expose  to  our  examination  the  com- 
^  form  of  this  curious  creature. 

§  3.  The  fossils  connecting  the  Forfar  and  Kincardineshire  beds 
lidi  the  Upper  beds  of  the  Silurian  System  as  dcTcloped  in  the 
typical  region  of  the  latter,  belong  to  the  genera  Cephalaspis,  Plec- 
Mutf  and  Onchus  among  the  Fishes,  and  the  genera  Pterygotus  and 
^nryj^erus  among  the  Crustacea.  There  is  also  the  ciirious  organism 
jmown  as  Parka.  It  may  be  questioned  if  our  beds  have  one  species 
in  common  with  the  Ludlow  rocks,  although  several  genera  seem  to 
range  through  both. 

§  4.  The  fossils  connecting  the  Forfar  and  Kincardineshire  beds 
•fli  tho  higher  beds  of  the  Old  Red  Sandstone  belong  to  the  genera 
^^unihodeSy  Diplacanthus,  and,  in  a  sense,  Ctenacanthus.  Acan- 
Met  lises  into  the  Middle  Old  Eed  Sandstone,  and  is  also  found  in 
fteCarhoniferous  rocks.  DipIacanthtM,  if  it  be  that  genus  which 
Kcon  in  the  Lower,  advances  no  further  than  the  Middle  Old  Bed. 
Oifnacanthxu,  though  not  recorded  firom  either  the  Middle  or  Upper 
W  Bed  Sandstone,  finds  its  way  into  the  carboniferous  rocks. 

§5.  The  fossils  occurring  both  in  the  Old  Eed  Sandstone  of 
Herefordshire  and  in  that  of  Forfar  and  Kincurdineshirc  are 
'^laspis  LytlUi  and  PtychacarUhus  dubius,  with  the  genera  On- 
**»,  Cttnacanthtts,  Pterygotus,  Burypterus,  and  Parka. 

§  6.  With  regard  to  the  fossils  peculiar  to  the  Forfar  and  Kin- 
^Qoehiro  beds  or  to  their  equivalents  in  England,  and  dotor- 
l^ing  them  to  belong  to  a  distinct  and  well-marked  zone  of  tho 
'^  Bed  Sandstone,  it  may  be  said  that  the  entire  Fauna  and  Flora 
^  peculiar.  There  may  be  one  or  two  doubtful  cases,  so  far  as 
®cific  identity  is  concerned ;  but  the  facies  is  imdoubtcdly  cha- 
^ristic  of  the  horizon  of  these  beds.  The  genus  Parka  is  highly 
^''acteristic. 

5  7.  Distribution  of  the  Fos9il  Refnains  over  (he  Counties  of  Forfar 
^  Kincardine. — Over  this  extensive  area  there  is  almost  complete 
'^tity  in  the  fossil  organisms.  Of  this  some  illustrations  may  be 
'^H.  Cephalaspis  Lyellii  has  been  found  over  the  entire  district 
*^  Balruddery  on  the  S.S.  W.,  and  on  the  confines  of  Perthshire,  to 
^terland,  close  upon  the  German  Ocean,  in  Kincardineshire — as  at 
^particular  localities : — ^Balruddery,  Tealing,  Glammis,  Canny  lie, 
jWill,  Carsegownie,  Brechin,  and  Canterland.  The  Acanthodian 
*hee  are  now  known  to  occur  in  five  localities: — Balruddery,  Tealing, 
*>&,  Famell,  and  Canterland.  These  fishes  were  first  detected  by 
^..author  in  beds  at  FameU  in  July  1857;  but  they  are  now  turning 
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up  over  the  whole  district.     Panwus  uicurvus  is  founded,  by  Agassi^-- 
on  a  very  striking  spine  from  Balniddeiyy  but  has  also  been  deteetoid 
by  me  at  Canterland,  the  other  extremity  of  the  distriot.    Arfa  to"  — 
cipimSf  occasionally  with  an  attached  ligamfiat  or  atem,  or  ewoivi 
what  resembles  a  calyx  or  sheath,  is  nnivenalt  and  ahrnHhat  i 
every  section  and  in  every  quarry.    Pterf^dui  is  almoat  as '  ' 
dispersed,  though  generally  in  a  fragmentajyconditioii ;  aadioritl 
same  localities  may  be  stated  as  for  dphakumg,  with  the  eiiN|fi- 
of  Brechin,  but  substituting  in  place  thereof  ^ameQ,  where plataii 
the  larger  Crustaceans  and  complete  fonns  of  the  smaller  have  1 
found  by  the  author  and  Mr.  Fowrie  of  Beswallie.    Ka 
described  by  Page  from  Balruddexyy  and  has  been 
several  species)  by  me  at  Canterland,  the  extreme  of  the  i 
of  the  vegetable  forms  are  generally  diflhsed,  like  Aria  < 
occurring  in  every  opening  of  the  fossiliferoDS  beds.    Indeed  the  c       _ 
form,  with  the  exception  of  the  Crustacea  (which  are  yet  nndflscribe9.^9 

confined  to  one  locality  is  Climatiua  r«ficii2!articf,  reoorded  by  Ag 

from  Balruddery ;  but  the  genua  is  fimnded  on  a  spine,  and  in 
multitude  of  our  spines  it  might  be  easily  passed  over. 

§  8.  Distribution  of  the  Fossils  Ukrough  the  vertkai  d^A  sf  t 
Strata. — ^Though  spread  over  a  wide  area,  the  ammgement  <x  c 
rocks  is  very  simple.     In  the  section  at  Canterland  (which  is  I    ~ 
of  the  district)  we  have,  first  and  lowest  a  gritty  sandstone*  (120  i 
seen),  very  ferruginous,  and  containing  occanonal  thin  layers  of 
puq)li8h  flag  ;  secondly,  grey  flagstone  with  interoalated  sandstoKA^ 
(40  fcct)t;  and  thirdly  and  above  all,  an  overlying  coog^omarate^ 
similar  life  seems  to  have  prevailed  throoghout  the  entile  f 
as  embracing  an  era  in  geological  time.    We  have  met  with  a  j 
tary  but  well-preserved  Parka  dseipi£ns§  &r  beneath  the  '     ~ 
reus  grey  beds  in  the  gritty  sandstone  whidi  forms  the  iM>ttom-r00^ 
in  the  Canterland  section.     The  Cephakupis  is  found  oecaaioDalljr  ^^ 
the  sandstones  used  for  building-purposes,  as  at  Breehin  (in 
diately  below  the  grey  flagstones),  in  which,  owing  to  the  nature  c 

matrix,  not  another  organism  is  known.     But  whilst  this  is  all  '^ 

direct  palacontological  oddenoe,  there  is  other  evidence  of  a  phyw'  i*' 
character.     Among  the  purple  flags,  which  lie  Yery  low  in  the  fSC' 
mation,  there  have  been  gathered  slabs  containing  on  their  auiih^^^ 
impressions,  numerous  and  well  marked,  of  what  we  may  eaU  'tf^' 
phenomena  of  a  sea-shore  of  this  palsBoaoic  epoch.    On  that  »0>*^ 
shore  the  tides  must  have  ebbed  and  flowed,  the  rain  have  ftlhn»  v^C 
in  heavy  shower,  anon  in  drizzling  mist,  the  sun  must  at  tinies  h^^^ 
shone  with  sultry  beam,  and  many  creatures  have  trsvellsd  asr^^rt 
the  palimpsest  surface.    Besides  Ihe  Annetidn-markingB,  we  t^*^ 

*  Judging  from  tho  dip  and  the  nflJghbouriQg  roobb  tins  ■ndrtons  pnlvMr 

rests  on  a  dark-red  sandstone, 
t  In  the  quarries  at  Carroyh'e  these  are  120  ftet  tfaiok.  _    .  ' 

I  A  few  feet  thick  here,  but  several  hundred  ftet  thick  ■•  it  rbaa  u^  Hny  nt-  «^' 

bouring  hills.    At  the  lUll  of  Turin,  ooo|^onMnto  (2  ftst  thick)  is  mtovl  ^  **^ 

among^  the  gre^  flagstones.  *>^i 

S  Sir  B.  I.  Murchison  and  Mr.  Powrie  foond  tha  IMh  i#^|k»fii«  contfn£»«>#^ 

the  lower  conglomerates  on  the  moontsui  or  wertem  fliak  ol  tha  Immu^Kir  nt  fv 


I860.] 


mrCHSLL— OLD  BSD  8Ain)ST0NE. 


149 


oaaxi.ted  at  least  eofjtd  fonns  of  Crustacean  tracks,  indicatmg  an  assem- 

Ua^«  at  the  time,  on  that  ancient  sea-beach,  of  creatures  similar  in 

oze  and  organixation  to  their  congeners  preserved  in  higher  beds  of 

the  fonnation,  namely  the  grey  Acetones.    Although  the  number  of 

lin&lM  attached  to  these  ancient  C^rustaceans  may  still  be  matter  of 

dvul)t,  yet  we  have  in  their  stone  impressions  such  a  character  as 

would,  on  the  one  hand,  be  made  by  a  gigantic  Pterygotus,  and  on 

the    other,  such  as  would  be  made  by  a  creature  as  small  as  the 

Sftxidhopper  of  our  present  shores,  besides  various  intermediate  forms 

corresponding  with  the  remains  found  in  the  flagstones.     From  such 

evidence  (and  we  think  it  must  be  allowed)  do  we  infer  the  existence 

of  a  similar  life  throughout  the  formation,  even  when  all  trace  of  the 

organism  has  itself  perished. 


^ 


(10.000  feet^ 
inForfiur) 


OLD  BED  SANDSTONE. 

Holoptychiufl-beda  of  Moray,  Perth,  and  Fife. 
Fish-Dedfl  of  Cromarty  and  Oaithnees. 
^  Conglomerate. 
[Cimterland  Den.] 


Qrej  flagstone  with 
mtercalatedsand- 
stone.  ("Cepbal- 
aipis-beda.") 
[Cuiterland  Den 
(40  feet  thick 
here,  120  feet  at 
Carmylie),  near 
Famell,ao.] 

Ghitty  ferroginous  ^ 
sandstone,    with 
occasional     thin 
layers  of  purplish 


[Canterland  Den 
(120  feet  here 
seen),  Ferryden, 


Cephalaapis  Lyellii. 
Icnthjodorulites. 
Acanthodian  fishes. 
'  Pterygotw  Anglicus, 
Kampecaris  Forfctrientis, 
Vegetable  remains,  &c. 


Cephalatpis  (in  sandstone  at  Brechin). 
Kipple-marks,  Bain-prints,  Worm- 
markingi,  Crustacean  trades  (large 
and  small,  on  the  flags). 

Parka  decipiens  (in  the  lowest  grit*). 


^    S  9.  Some  of  the  general  conclusions  to  which  the  paheonto- 
^^cal  dataseem  tolef^us  maybe  stated  as  follow: — 

Fintf  it  must  be  granted  that  in  these  beds  developed  in  the  counties 
^Forfiajr  andTCincaniine  in  Scotland,  and  their  equivalents  in  England, 
>e  have  the  lowest  members  of  the  Old  Bed  Sandstone.  We  do  not 
Tentoreto  determine  what  those  metamorphic  rocks  are  upon  which,  on 
the  western  side  of  our  district,  the  Old  Bed  Sandstone  rests ;  we  leave 
that  point  for  fntnre  decision,  either  by  the  discovery  of  fossils  in 
some  part  of  the  Grampian  chain  or  by  the  clear  unfolding  of  their 
stratigniphical  relations.  We  hold,  however,  that  the  position  of 
the  beds  the  palaeontology  of  which  we  have  here  endeavoured  to 
describe  may  now  be  held  as  fully  ascertained.     They  are  the  foun- 

*  jbid  alto  m  l^jws  wliidi  alternate  with  coarse  lower  conglomerates  on  tha 
UL  flmk  of  Ifaa  Grampiaiii. — ^Edit. 

TOU  XTO. — ^PIBT  I.  U 
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dation  of  that  ^reat  scries  of  rocks  which  for  our  northern  land  was 
first  described  by  Sedgwick  and  Murchison,  and  since  rendered  el»- 
sical  in  the  literature  of  the  age  by  the  writings  of  Hugh  Miller. 
Though  it  is  matter  of  doubt  if  any  one  of  the  species  found  intheee 
beds  occurs  in  the  system  beneath,  yet  there  are  genera  in  coinmui. 
There  are  thus  links  binding  them  without  a  gap  to  the  past  stage 
of  life  and  its  conditions.  Still,  in  the  abundance  and  variety  of  ^e 
fish-remains,  and  in  the  introduction  of  now  forms,  as  well  as  in  the 
tokens  of  a  terrestrial  surface,  wo  feel  that  we  have  entered  into  anew 
epoch  and  a  new  domain  of  created  existence.  There  has  been  in 
some  minds  a  hesitation  to  accept  these  rocks  as  the  basis  of  the 
system ;  but  wo  think  the  evidence  adduc^  is  conclusive  on  this 
-point. 

Secondly,  the  review  of  the  peculiar  fauna  and  flora  of  tlieee 
lower  bods  of  the  Old  lied  Sandstone  affirms  the  necessity  of  subdi- 
viding the  system  into  formations,  and  of  assigning  to  the  Forfarshire 
flagHtones  (with  their  associated  sandstones,  chert}'  limestones,  and 
conglomeiiitos)  the  place  of  the  Lower  foimation  in  this  extensive 
grou])  of  strata.  Tlie  thickness  of  our  Forfarshire  beds  is  enormous, 
10,000  foet  at  least.  In  these  rocks  we  have  a  facies  of  animal  and 
of  vegetable  life  characteristic  and  distinct  fix)m  that  of  the  Upper 
and  Middle  formations ;  a  subdi\-ision  is  therefore  demanded  for 
the  purposes  of  classification.  Between  the  Lower  and  Middle  and 
Upj)er  beds  of  the  system,  there  is  a  marked  hiatus :  for  CephaloKf^^* 
has  never  yet  been  found  but  in  the  Lower  formation ;  and  when  we 
leave  that,  not  only  is  Crustacean  life  at  once  and  immensely  dimi' 
nished  in  its  numbers,  but  its  tjrpes  arc  completely  changed. 

From  the  recorded  observations  of  Mr.  Geikic,  there  seem  to  "be 
other  areas,  of  great  extent,  in  Scotland  over  which  this  Lower  Old 
Bed  Sandstone  is  known  to  si)read ;  and  its  area  in  England  is  very 
considerable.  We  have  thus  all  the  elements  of  value  in  constitutiiU? 
a  formation  in  geological  classification,  namely  superfipial  develop' 
ment  over  extensive  areas,  great  (we  may  say  •  enpnnous)  depth  oi 
strata,  considerable  variety  of  mineral  conditions  (in  conglomeratefii 
flagstones,  sandstones,  and  cherty  limestones),  and  a  peculiar  palsoH" 
tology. 

Thirdly,  wo  claim  the  right  of  the  Old  Red  Sandstone  as  a  whoJ* 
to  be  admitted  and  fully  recognized  as  one  of  the  great  systems  in 
geol(^,  both  on  the  ground  of  what  has  been  now  advanced  vai 
from  all  previously  recorded  knowledge  of  the  Middle  and  Upper 
formations.  The  series  of  rocks  called  the  "  Old  Red  Sandstone"  « 
as  large  as  almost  any  of  the  well-marked  and  acknowledged  divinoo* 
into  which,  at  the  call  of  Science,  the  strata  of  the  earth  have  been 
made  to  fall.  The  system  in  Scotiand  alone  covers  an  immense  exteit 
of  ground.  There  are  large  patches  of  it  flanking  the  Silurian  strata 
in  the  south  of  Scotland — ^inBerwickshire,Roxburghahire,Lanark8hirei 
and  Ayrshire.  There  is  tho  great  development  of  it  in  the  cential 
district  of  Scotiand,  comprehending  all  the  lowland  portiona  of  Bn- 
caxdineshiro,  Forfarshire,  Perthshire,  Stirling,  and  Dambartonflhiiei 
with  many  an  oflfehoot  into  neighbouring  counties.     It  stretches  (H 
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9  east  far  out  into  the  Gennan  Ocean,  as  wo  know  bj  the  Bell 
Kslk.  We  have  tracts  of  the  Old  Red,  more  or  less  continuous, 
»zig  the  shores  of  Aberdeenshire,  BanflGshire,  Moray,  Nairn,  Inver- 
se, Cromarty,  and  Caithness — covering  this  entire  county  and  then 
ft^ping  all  the  Orkneys  in  its  wide  embrace,  and  stretching  out  even 
'tJbe  remote  Shetlands. 

X^t  is  quite  possible  that  some  of  the  Old  Bed  beds  north  of  the 
■si-mpians  were  laid  down  contemporaneously  with  the  beds  to  the 
a.  til,  and  therefore  that  we  have  in  the  respective  faunas  or  floras 
t>otli  a  life  existing  in  the  same  era,  but  placed  in  different  regions 
id  in  somewhat  different  conditions.  But,  even  after  this  reduction 
the  vertical  depth  of  the  entire  system,  there  would  yet  remain 
s^o  great  divisions,  an  Upper  and  a  Lowor,  which  cannot  be  put 
Ltx>  parallel  ages.  If  our  interpretation  of  the  obscure  vegetable 
joiainB  and  the  sea-shore-marHngs  be  correct,  we  have,  from  the 
cry  commencement  of  the  era  of  the  Old  Red  Sandstone,  indications 
f  the  existonco  of  land-surfaces ;  while  in  the  waters  there  was  such 
a  abundance  of  piscine  life  as  to  mark  the  period,  throughout,  as  ono 
^f  the  most  memorable  in  the  past  history  of  our  globe. 


Jantjaky  9,  1861. 

^iUiam  Charles  Lucy,  Esq.,  Gloucester';  Robert  Dukinfield  Dar- 
^'^ix^,  Esq.,  B.A.,  1  Hcald  Grove,  Rusholmc,  Manchester ;  George 
^**^1<J8  WaUich,  M.D.,  17  Campden  Hill  Road,  Kensington,  were 
^ted  Follows. 

*^c  following  communications  were  read  : — 

^^n  the  IHgtrihutian  of  the  Coeals  in  the  Lias.     By  the  Rev.  P.  B. 
Bbodib,  M.A.,  F.G.S. 

[Abstract] 

^"^^  observations  made  by  himself  and  others,  the  author  was  en- 
•-^ti  to  give  the  following  notes : — In  the  Upper  Lias  some  Corals 
'the  genera  Thecocyathus  and  Trochocyathus  occur.  The  Middle 
"^^  of  B3rflcld,  Northamptonshire,  and  Ilminster,  Somersetshire,  has 
^Ided  a  few  Corals,  llie  uppermost  band  of  the  Lower  Lias,  viz. 
^^  xone  with  Ammonites  raricostatus  and  Hippopodium  ponderosiwi, 
Stains  a  ITiecoeyaihuSf  numerous  at  Cheltenham  and  Honeyboume 
1^  Gloucestershire ;  and  a  Montlivaltia  in  considerable  abundance  at 
'^own  Atherley  in  Gloucestershire,  at  Fenny  Compton  in  Warwick- 
^ilire,  and  more  rare  at  Aston  Magna  in  Worcestershire,  and  at  Kilsby 
IWmel  in  Northamptonshire.  The  middle  members  of  the  Lower 
lias  appear  to  be  destitute  of  Corals.  In  the  zone  with  Ammonites 
Budklandi,  called  also  the  Lima-beds,  a  Cladophyllia  is  found  at 
\kfwik  HaUieriey  and  Bushley  in  Gloucestershire ;  and  in  the  same 
Ms  at  Inkbenow,  Evesham,  Binton,  Wilmcote,  and  Harbuiy,  in 
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Warwickshire ,  attrl  at  Shcpton-Kallot  in  Somersetshire,  an  ImtfTO^^^^ 
occurs.     Dr.  Wright  states  that  IsoitroBa  MwrMmm  li^^enj 
with  in  the  next  lowest  bed  of  the  Lower  liaa,  namdy  Am 
lias,  with  Ammonites  Planorhis  at  Street  in  Somenet ;  aad  I 
Coral  has  been  found  in  the  same  seme  at  Whitnaah  aad  7  ~ 
in  Warwickshire.     Lastly,  in  the  "  Guinea-bed  ^  or  **( 
Binton  in  Warwickshire  another  Ckxral  has  becm  met  with. 

The  MontUvaltice  of  the  Hippopodium-bed  and  iSmJmmtrmmtii 
Lima-beds  appear  to  have  grown  over  much  laiger  awai  m  t 
Liassic  sea  than  the  other  Corals  here  referred  to. 


2.  On  the  Sections  of  ihe  Maltebk  a/nd  Ledburt  Tvnnaa  (Wo~ 
CE8TEB  and  Herzfobd  Railway),  and  ihe  nUervemng  Lm 
Bailroad,    By  the  Eev.  W.  S.  STxoima,  F.O.8.,  and  Alab  ' 
BERT,  Esq.     With  a  Nots  on  ihe  Posbils  ;  by  J.  W.  Saixd, 
F.G.S.,  of  the  Geological  Survey  of  Ghneat  Bntain. 

In  a  paper  published  in  the  Edinbni]g^  New  FhOosaphioal 
for  April  1857  (p.  257),  I  described  briefly  the  «« Gondaikn  of 
Triassic  Eocks  in  the  Yale  of  Woroerter  and  at  the  Mah 
Tunnel."   These  rocks  have  the  following  order  on  the  flanb  of 
Malvems : — 

1 .  Upper  Keuper  Marls. 

2.  Upper  Eeuper  Sandstone. 

3.  Lower  Bed  or  Keuper  Maria. 

4.  Lower  Eeuper  Sandstones  (WatentoneB). 

5.  Upper  Bed  Sandstone  (Bromesbenow  beds). 

6.  Lower  Bed  Sandstone  (Stouiport  beds). 
No.  6.  The  lowest  of  these  depositB  is  a  dark-red 

black  patche>8,  and  closely  resembles  the  ''  Lowor  Bed 
of  the  geological  surveyors  in  mineralogioal  ehanuster.    It  ii  tor 
seen  at  the  back  of  the  stables  of  the  Bdle  Yue  Hotel  at  GwilC 
vem,  dipping  from  the  hill,  to  the  south-east*  at  an  ang^  of  W^' 

A  large  erratic  block,  angular  and  with  no  sign  of 
action,  was  found  imbedded  in  this  dailc-red 
erratic  block  is  different  to  any  rode  now  exposed  in  the 
district,  and  appears  to  me  to  belong  to  the  Gunbirian  grits  of  K 
Wales,  or  possibly  to  that  of  the  Longmynd.    It  mqr  be 
the  Museum  of  the  Malvern  lidd-Glab  at  the  Xessn.  B 
Great  Malvern.  ^ 

No.  5.  This  Upper  Bed  Sandstone  (Bramesbenow  beds)  mt^    TJ^ 
studied  with  advantage  at  the  viUage  of  Bromesbenoir,  i^agg      ** 
overlies  the  HafSold  or  Permian  borecda  of  F^  Bhdhj  SDsd  ^S^ 
Geological  Survey  Map,  and  is  eoveied  by  the  WatsntaMi  of  ^^^ 
Newent  district.  , 

No.  4.  Lower  Keuper  Sandstones  (WatentaiiieB)^  J 


A  patch  of  these  sandstones  flanks  the 
Southern  Malvems,  and  ranges  fton  %  woodat  lbs 
Hawthorns,  in  the  parish  of  Benow,  towards 
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seat  of  Mr.  Osman  Ricardo,  M.P.  for  Worcester.  Again  they 
jr  be  seen  covering  the  Bromesberrow  sandstones  near  the  Glynch 
^^k,  and  ranging  south  towards  Red  Marley  D'Abitot,  where 
^  are  fetolted  against  the  Lower  Keuper  Marls^  which  should 
Knount  them, 
^o.  3.  Lower  Bed  Marls. 

diese  soft  marly  beds  are  well  exposed  in  the  lateral  valleys  in 
r    Malvern  district.    These  are  valleys  of  denudation,  and  in  most 
'ftances  occur  where  anticlinals  of  Keuper  Sandstone  have  been 
m\isa  and  the  apices  or  ridges  of  the  anticlinals  removed. 
So.  2.  Upper  Keuper  Sandstones. 

IXhese  fossUiferous  sandstones  have  been  generally  denuded  along 
2^  Malvern  Yale.    Wherever  I  have  studied  them,  they  are  mere 
jxoB  of  a  series  of  low  antidinals. 
H^o.  1.  Upper  Grey  and  Bed  Marls. 

These  rodcs  are  the  uppermost  Triassic  deposits,  and  at  the  Ber- 
^f  Hill,  within  two  miles  of  the  Chase  end  of  the  Malvern  ridge, 
«  upwards  conformably  into  the  Lower  Lias,  with  the  charac- 
^wic  fossils. 

1  now  refer  to  the  section  of  the  tunnel  at  Malvern  Wells,  on  the 
oicester  and  Hereford  Bailway,  prepared  by  Mr.  Alan  Lambert 
^  myself,  and  for  the  admeasurements  of  which  I  am  indebted  to 
r.  Xambert,  one  of  the  engineers  upon  the  line,  who  has  assisted 
^  throughout  this  somewhat  arduous  imdertaking  with  the  utmost 
^<*tesy  and  good  will.  Mr.  Lambert  has  prepared  a  section  (re- 
^5©d  in  fig.  1^  of  the  line  of  railway,  from  tie  entrance  of  the 
^vem  tunnel  to  the  exit  of  the  Ledbury  tunnel  on  the  Hereford 
^»  for  the  Geological  Society  of  London,  at  the  request  of  Mr.  Lid- 
-^9  the  chief  engineer  of  the  railroad. 

^^lie  entrance  of  the  tunnel  (see  Section,  fig.  1,  and  the  Expla- 
tifjn)  commences  with  the  Upper  Keuper  Marls  (10  m.  330  yds.), 
^^lam  by  a  considerable  thickness  of  subangular  drift,  which  has 
"*^iahed  the  bones  and  teeth  of  Bos  primigenius,  of  Elephas  primi- 
•  *  uf,  and  of  Bhinoceros  ticharhinus.  The  site  whore  these  mam- 
^lian  relics  were  discovered  is  near  the  Station  at  Malvern  Wells, 
^^e  of  these  fossils  are  in  my  possession,  and  some  are  at  Worcester 
^^^nm.  The  Upper  Keuper  Marls  at  the  tunnel's  mouth  have 
^n  much  denuded.  In  the  tunnel  they  pass  into  the  Keuper  Sand- 
flies and  Marls  with  the  Estheria  and  fragments  of  teeth  and  spines 

Lophodus  (formerly  Acrodus), 

Theee  deposits  are  much  broken  and  contorted,  and  pass  into  a 
ties  of  red  marls,  which,  I  do  not  doubt,  are  the  representatives  of 
le  Lower  Keuper  Marls  (10  m.  550  yds.  to  704  yds.). 

The  Lower  Keuper  Marls  dip  away  frt)m  a  sycnitic  and  brec- 
ated  lock,  against  which  they  rest  conformably  at  an  angle  of  50°. 

It  la  worthy  of  observation  that  the  Lower  Keuper  Sandstones 
^^Bteratones)  and  the  Bed  Sandstones  of  Bromesberrow  are  en- 
^y  wanting  in  the  tunneL  I  was  puzzled,  at  ^xstf  whether  or 
it  to  rank  Uie  brecciated  syenite  as  an  equivalent  of  the  Haffield 
Hrmian  breocsia,a8  there  is  evidence  of  stratification.    The  stratifi- 
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Vtnation  of  the  Oeologieal  Section  on  the  Worcester  and  Hereford 
Railroady  from  10  miles  330  yards  from  Worcester  to  15  miles 
1463  yar(&.— See  Fig.  1. 

Miles.   Td*. 

10    330.  Eeuper  Marls,  red  with  grey  bands. 
„    550.  Tunnel  commences. 

„    550.  to  10  m.  701  yds.  Keaper  marls  and  sandstone,  twisted  and 
broken ;  sometimes  nearly  horizontal,  and  sometimes  with 
a  dip  of  50"". 
„    701.  Syenitic  breccia  and  thin  band  of  black  schist:  dipping  at 

an  angle  of  58^  towards  the  hilL 
„    711.  grenite. 

„    792.  Ijiin  band  of  chlorite,  with  black  sdiist  in  contact 
„    836.  Chlorite,  with  syenite  caught  up. 
„    858.  Syenite. 
„    909.  Grreenstone. 
n    925.  Syenite. 
„    946.  Greenstone. 
„  1012.  Black  homblendic  rock,  with  highly  crystallized  felspar,  with 

oyerlying  greenstone. 
„  1087.  Syenite. 
n  1150.  Two  thin  bands  of  Uandoyery  limestone,  about  6  in.  thick, 

with  2  ft  of  marl. 
„  1160.  Syenite. 
„  1254.  lilandoyery  shales  and  limestone  in  thin  bands,  pressed  against 

syenite;  syenite  oyerhanging. 
„  1320.  Woolhope  snalee. 
„  1436.  Woolhope  limestone. 
„  1449.  WenlocK  shales  and  thin  bands  of  sandstone. 
hNit  11  260.  Wenlock  limestone  (thickness  uncertain). 
b      „    440.  Lower  Ludlow  shales. 

„    440.  Old  Bed  marls,  with  thin  bands  of  grey  and  rod  sandstones. 
I      „   1012  to  about  13  m.  Local  drift  and  red  marls. 
but  13       0.  Ludlow  rock. 

n      44.  Old  Bed,  lyinc  unconformably  against  Ludlow  rock. 
I       „       44  to  14  m.  352  yds.  Local  drift  and  red  marls. 

14  352.  Upper  Ludlow  rock. 
„    880.  Old  Bed  marls. 

„  1144.  Upper  Ludlow  rock. 

„  1298.  Aymestry  rock. 

„  1342.  Lower  Ludlow  rock. 

„  1430.  Local  drift,  40  ft.  thick,  overlying  drift  derived  from  Old  Bod 

Marl :  Lower  Ludlow  rock  beneath. 
„  1518.  Upper  Ludlow  rock. 
„  1600.  Aymestry  rock. 
„  1600  to  15  m.  406  yds.  Ludlow  and  Wenlock  shales. 

15  406.  Wenlock  limestone,  horizontol. 

„    572.  Lower  Ludlow  rock,  angle  12^,  north,  passing  at  about  886 

yards  to  75°,  south. 
„    957.  Aymestry  rock,  angle  75**,  south. 
„  1029.  Upper  lludlow  shales,  angle  75°. 
„  1067.  Bownton  sandstone,  angle  75°. 
„  1091.  Passage-beds  into  the  Old  Bed  Sandstone,  angle  75° ;  thin 

bands  of  grey  and  red  sandstones. 
„  1 186.  Tunnel's  mouth. 
.,  1463.  Section  ends. 


.^   yji.   uiu  luuivern  range,  and  v 

interest  to  the  geologist  and  mineralogist 
s^enitic  enist  on  the  eastern  side  of  tlie  Mi 
is  niucli  broken,  and  will  require  bricking  a 
Traversing  the  syenite,  we  found  a  bed  o 
792  yds.)  with  a  vein  of  shining,  coal-bladi 
in  contact,  see  fig.  2.     Another  wall  of  sy 

Fig.  2.— Section  in  the  MaU         Fig.  i 
vem  Tunnelf  showing  veins  of     vem   Tt 
Qtiariz  and  Qraphiie  in  the  hand     Felspar 
of  Chlorite  in  the  Syenite,  at  10  nt.      lying  hla 
792  yds.    By  Capt.  Selwyn.  rock,  at 

Capt.  Se] 
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vein  of  chlorite  with  highly  crystallized  ba 
the  syenite  again  sets  in  in  a  solid  mass,  an( 
mass  of  greenstone  (10  m.  909  yds.)  of  the 
160  yards  thick.  The  greenstone  appeared 
injected  when  fluid  into  a  fissure  in  the  sy 
fissured  in  a  line  with  the  ranirft  of  f>»«  "w-i 
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WiUm  cnut  of  the  Malvern  plutonic  range.  We  were  astonished 
to  find,  almost  in  the  centre  of  this  solid  syenite  (for  the  syenite  on 
the  western  side  is  not  nearly  so  much  shattered  as  that  on  the  east- 
^  flank),  two  thin  hands  of  Llandoveiy  limestonci  with  strata  of 
flttrly  ahales  2  feet  thick  lying  in  a  fissure  of  the  syenite.     Fig.  4. 


Kg.  4. — Section  in  the  Malvern  Tun- 
^9  tihmoing  a  seam  of  LUmdovery  rock 
^  the  SveniU,  at  10  m.  1254  yds.  By 
O^.Sdwyn. 


:■! 


Fig.  6. — Section  in  the 
Malvern  Tunnel,  showing 
the  Junctionofthe  Silurian 
rock  and  the  Syenite,  at 
10  m.  1254  yds.  ByCapt. 
Selwyn. 


L.  LUndoreiy  thalei  and  lime- 
stones. 
8.  Syenite. 


Ws  Llandovery  limestone  (formerly  "Caradoc  "  of  Murchison)  con- 
uns  some  characteristic  fossils ;  and  the  shales  have  f urmshed  a 
*enUMmerus.  Neither  the  limestone  nor  shales  are  in  the  sHghtest 
^gree  metamorphosed.  The  fissure  runs  from  north  to  south,  and 
^pornes  smaller  towards  the  south.  These  sedimentary  deposits  were 
^dently  deposited  in  a  fissure  in  the  syenite  during  that  far  distant 
P^H^  when  the  waves  of  the  Upper  llandovery  seas  washed  above 
^  ayenitic  ridge  of  the  Malvems,  and  when  this  interesting  and 
**^:^Tictive  range  of  hills  was  a  low  submarine  ridge,  of  plutonic  origin, 
^  of  which  the  syenitic  crust  was,  even  in  the  Upper  Llandovery 
^^^^h,  as  much  cooled,  consolidated,  and  mineralized  as  at  present. 

X  mentioned  that  the  Lower  Keuper  sandstones,  the  Bromesberrow 
^^tones,  and  the  Haffield  Permian  breccia  (?),  which  are  all  to  be 
^^^  at  the  southern  extremity  of  the  Malvems,  are  wanting  in  the 
^^^el  on  the  eastern  or  Worcester  side  of  the  Malvems.  It  is 
^^ewhat  remarkable,  also,  to  find  that  the  Cambrian  (Holly-Bush) 
^^dstones  and  lingula-flags  (black  shales)  of  the  Chase  End, 
^■^^ged  Stone,  and  Midsummer  Hills  (South  Msdvems)  should  be  alto- 
^ther  absent  on  the  western  flank  of  the  hills  of  the  Wells.  The 
^enite  passed,  we  find  limestones  and  shales,  of  the  Upper  liando- 
^^arj  epoch,  fall  of  fossils,  resting  perpendicularly  against  the  ex- 
^rnal  wall  of  syenite.  Fig.  5.  We  have  evidences  of  great  pressure 
iHd  cmahing,  but  not  a  symptom  of  metamorphism ;  and  I  exhibit 
I  portion  of  shale,  containing  the  Pentamerus  Icevis,  which  was  ob- 
ained  by  Captain  Peyton  dose  to  the  line  of  junction.  The  Rev. 
legmald  HiU,  of  Bromesberrow,  Hon.  Secretary  to  the  Malvern 
Md-CSnb,  was  the  first  to  disinter  these  fossils  of  the  Llandovery 
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rock  from  their  long  n'sting-placc  ;  and  to  him,  to  Captain  Peyton, 
of  the  Burtons,  Ledbury,  and  to  Captain  Belwyn,  I  would  ezprw  mi 
kind  acknowledgments  for  thoir  aagigtanoe  in  muaveUing  the  hosIi 
of  the  Malvern  tunnel. 

It  is  difficult  to  ascertain  the  tfiinhrnaw  of  tbe  Upper  UndBraf 
rocks  here  (10  m.  1254  yds.),  or  to  determine  any  line  betiw 
them  and  the  overlying  shales ;  they  are  ocmfannaUiey  and  paB  Mi 
into  the  other  without  any  perceptible  diange,  excepting  in  tm 
colour,  as,  from  a  purplish  grey,  they  change  into  a  Una  mM  rf 
shales  with  thin  bands  of  limestone  and  grey  and  brown  i 
stones.  I  have  thought  it  neoessaiy,  howeveTy  to  draw  aV' 
between  the  Llandovery  rocks  whidi  reet  a^^dnst  the  ^yemte  ol 
contain  purplish  shales  with  Pentamerif  and  theahalea  thatmiddi 
the  Woolhope  limestone,  because  at  a  obtain  point  I  found  the  Feilii- 
merus-shales  were  overlain  by  a  sandstone  also  oontaimngl ' 
fossils,  but  which  is  the  rock  formerly  known  aa  tbe  "Ganbdoe  i 
stone  of  the^Malvems,"  underlying  theEaatnorObeliak  and  onnBfg 


out  along  Howler*s  Heath.     At  this  point  of  the 

I  have  drawn  a  somewhat  arbitrary  line,  and  have 

shales  above  this  sandstone  as  Woolhope  abalea  (10  m.  1S90  jh)^ 

Dr.  Grindrod,  of  Malvern,  has  a  fine  oollectum  of  fiMsQa  llram  Ikit 

Woolhope  shales,  and  also  some  splendid  slabs  with  Fsniamm  ftoA 

the  Llandovery  shales. 

The  Woolhope  limestone  (10  m.  1436  yds.)  ia  qnanied  in  fta 
tunnel  ^dtliin  a  short  distance  of  tho  abaft  No.  2 ;  and  we  AM 
pass  on  into  the  well-known  Wenlock  abalea  (10  m.  1449  ]dk)i 
The  distance  from  the  Woolhope  limoatone  to  tbe  point  wfaan  to 
Llandovery  rocks  rest  against  llie  syenitio  ridge  ia  neazly  2O0jtAt 
and  it  is  therefore  evident  that  tbe  sedimenteuryrodkaweR 
at  this  particular  point  of  the  If  alvema  in  a  little  bay,  or 
the  syenite.     This  peculiarity  was  pointed  out  to 
since  by  my  late  friend  Mr.  Hugh  Strickland. 

From  shaft  No.  2  to  tho  month  of  the  tnnnel  on  tbe  LedbuT  * 
western  side  of  the  Malvems,  the  railroad  pnaaoa  tbroog^  WcwO^ 
shales,  and  stiikes  the  Wenlock  limeatone  (11  m.  260  yda.)  ai  ^{f     1 
distiinee  of  about  2(30  yards  from  abaft  No.  2.    Hera  we  iMKve  ^^'l     1 
deuces  of  a  considerable  fault :  near  the  tonnd-mouth  film.  862  f^'^    ] 
the  Wenlock  limestone  is  thrown  down  borizontallyy  nie  gi 
of  the  Lower  Ludlow  rock  ia  wanting,  tbe  whole  of  tbe 
limestone  and  the  Upi)er  Ludlow  sbalea  are  deficient,  and 
stones  and  marls  of  the  Old  Bed  aeriea  (and  tbeeo  oertainly  not 
lowest  Old  Ked  deposits)  are  faulted  againat  a  rpgolar  ''a 

(to  use  a  miners'  phrase)  of  the  Lower  Ludlow  daya.    The 

greenstone  was  not  so  difficult  to  woik  (aa  I  have  been  awauroJ   ^^ 
Mr.  13allard,  the  contractor)  as  thia  '<  jammed  and  aomnahed  cM^ 
(11  m.  440  yds.). 

From  hence  the  railroad  passes,  finr  a  conaiderable 
red  clap  and  marls  covered  with  local  drift;  and 
worthy  of  attention  until  we  reach  tho  road  that  1 
to  Ledbury.    In  tho  lane  ascending  towarda  Tha 
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of  Mre.  Peyton,  we  see  the  Upper  Ludlow  shales  dipping  towards  the 
Tile  in  whidi  the  railroad  runs.  At  the  hase  of  tiie  hill  is  a  hridge 
eanstructed  for  railroad-purposes,  and  at  this  spot  the  workmen 
qnaniod  the  Auchenaspis-grits  of  the  Lower  Old  Red  Sandstone, 
placed,  at  an  angle  of  seventy  degrees,  on  the  clays  of  the  Upper 
ladlov,  and  reversed*.  On  reference  to  the  Ledbury  section,  it 
will  be  seen  that  there  is  a  great  thickness  of  rock  between  the 
AncheuMpis-grits  and  the  Upper  Ludlow  shales. 

For  some  distance  the  railroad  cuts  through  local  drift,  until,  a 
■fcort  distance  after  crossing  the  highroad  fipom  Worcester  to  Led- 
^foij,  we  pass  through  a  section  of  Upper  Ludlow  rock,  with 
■bondancc  of  characteristic  fossils  (13  m.  352  yds.). 

We  have  next  a  small  basin  in  which,  besides  the  local  Silurian 
Afift,  there  is  a  mass  of  red  and  grey  clays,  evidently  derived  from 
Ae  denudation  of  the  Old  Red  Sandstone  (13  m.  880  yds.). 

^e  railroad  again  strikes  the  Upper  Ludlow  shales,  rising  from 
•  short  synclinal,  and  passes  through  a  section  of  the  Aymestry 
Jn'MBtone  and  a  portion  of  the  Lower  Ludlow  shales,  which  are 
werlain,  near  the  eastern  entrance  to  the  Ledbury  tunnel,  by  a  con- 
■d^nible  thickness  of  red  and  grey  stratified  drift  derived  from 
fiflnrian  and  Old  Red  deposits  (from  13  m.  1144  yds.  to  1518  yds.). 

This  drift  appears  to  me  to  be  one  of  the  most  important  points 
^th  which  we  have  to  deal.  Bones  of  Mammalm  have  been  de- 
*J^  therein,  and  amongst  them  the  tooth  of  JRhinoceros  ticTiorhinus. 
"^  evidence  surely  tends  to  prove  that  the  Old  Rod  Sandstone 
JJ^'p'ed  the  Upper  Silurians  of  the  Ledbury  vales  as  late  as  the 
™*tocene  epoch,  and  that  it  was  removed  by  the  action  of  Pleisto- 
f^  Waters,  which  denuded  the  Old  Red  Sandstone,  and  rcdeposited 
"•debris  with  the  relics  of  animals  that  lived  on  the  land.         la 

*ae  tunnel  proceeds  through  the  Lower  Ludlow  shales  at  18  m. 
1430  yds.,  and  then  a  fault  occurs.  The  Upper  Ludlow  shales,  with 
^  Aymestry  rock,  are  quarried  near  Sh^  No.  1  of  the  Ledbury 
?*^"^L  The  accompanying  Section,  ^g,  6,  furnished  by  Mr.  A. 
^''■^bert,  supplies  us  with  the  details  of  the  fault  as  seen  in  the  tunnel. 

Kg.  6. — Section  in  Ledbury  Tunnel,  allowing  the  Fault, 
afS  m.  1518  yds.     By  A.  Lambert,  Esq. 

^Jtf        <|  WenlocklShale.  W. 


18  feet.       18 1 

^Haiie  to  thank  my  friend  Captain  Peyton  for  dirediiig  my  aitontion  to  Uiia 
tfiudt 


160  PUOCEEDINOS  OF  THE  OEOLOOICAL  80CIETT.  [ JaiL  9, 

Wc  descended  Shaft  No.  2,  and  examined  the  tunnel  right  ud 
k'ft.  Shaft  Xo.  2  is  in  the  Wenloek  shales ;  these  are  seen  to 
pass  into  the  Wenlock  limestone  (14  m.  406  yds.),  which  is  thiwB 
down,  and  is  horizontal.  A  glance  at  the  section  will  explain  tlK 
cxtmordinar}'  faulting  of  the  rocks  between  Shaft  No.  2  and  tin 
Ix>wcr  Ludlow  rock  and  the  |)oint  on  the  section  where  the  itnb 
iudine  at  an  angle  of  75°,  which  dip  continues  to  the  western  exit  o 
the  tunnel,  throughout  the  I/)wer  Ludlow  shales,  Ajmestiy  roA 
U])per  Ludlow  shales,  Do^Titon  sandstone,  red  and  mottled  mailf 
grey  shtdes  and  grits,  and  purple  shales  and  sandstones,  the  tonoc 
ending  at  the  i>oint  where  the  red  and  grey  Auchenaspis-beds  pu 
conformably  into  the  underlying  strata*. 

The  following  is  the  ascending  order  of  the  beds  obserred  in  th 
section  from  14  m.  957  yds.  to  1463  yds.: — 1.  Aymestiy  rock  wit 
PcntiDmnis  Kniifhtu,  &c.  (10  feet).  2.  Upper  Ludlow  rock  wit 
ChoneUs  lata,  &e.  (140  feet).  The  Ludlow  bone-bed  seems  to  I 
wanting  here.  3.  l)ownton  bed,  thin  (9  feet), with  LinyiHa.  4 toi 
lied  and  mottled  marls  and  thin  sandstone  (210  feet),  with  lAin^l 
and  PUraaph,  9.  Grey  shale  and  thin  grit  (8  feet),  with  C^ 
lasjtis  and  Pfeiytjoim,  10  and  11.  Purple  shales  and  thin  sand 
stones  (34  feet).  12.  Grey  marl  passing  into  rod  and  grey  ms 
and  bluish-grey  rock  (20  feet),  with  Auchenattpis,  Plectrodus,  Cepka 
laspls,  Omhns,  l^enjijotus  LutfensiSy  lAiigida,  and  a  Lituite  (?).  TTw 
pass  upwards  conformably  into  a  series  of  red  marls,  with  yellowii 
grey  and  ])ink  sandstone  containing  Pteraspis  and  Cephalaspii, « 
undtnibtedly  forming  the  base  of  the  Comstone-serios  of  the  01 
Ked  Sandstone. 

With  the  excci)tion  of  colour,  there  is  no  possible  means  of  dri« 
ing  any  line  of  demarcation  here  between  the  Upper  Silurian  di 
posits  and  the  lowest  rocks  of  the  Old  Ked  Sandstone.  Fossils  dint 
nish  in  number  in  the  Old  Red,  it  is  true;  but  it  is  evident  thatth 
is  either  owing  to  the  change  that  occurred  in  the  physical  eor 
ditious  (►f  the  sea,  or  because  the  chemical  condition  of  tiie  deptri 
wjus  unfavouniblo  to  their  preservation.  As  it  is,  we  have  a  lA^ 
common  to  the  Do\niton  beds  and  the  Lower  Old  Red;  while C< 
phalaspidian  fishes,  beginning  in  the  Silurian  (Lower  Ludlow),  ooi 
tinue  upwards  into  the  Old  lied. 

nie  section  from  ^Malvern  to  Ledbury  is  most  instructive  a* 
most  gratifying ;  for  we,  who  have  followed  in  the  wake  of  Murcb 
son,  Strickland,  Philliiw,  and  the  father  of  Malvern  gcologj,  t1 
present  President  of  the  Geological  Society  (Mr.  Leonard  Honiei 
have  learned  upon  how  firm  and  scientific  a  basis  the  investigation 
of  these  philosophers  were  founded,  and  how  little  we  have  ba< 
enabled  to  add  to  the  superstructure  by  later  researches. 

*  Stv  tho  author's  paper  on  the  Ledbury  Tumiel,  Quart.  Joum.  GeoL  S* 

vol.  ivi.  J).  IIKJ. 
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n  ihe  Fossils  found  in  the  Wobcesteb  and  Hsbefobd 
jxwAY  CuTTiKGS.    By  J.  W.  Salteb,  Esq.,  F.G.S. 

[In  a  Letter  to  the  Ber.  W.  S.  Symonds,  F.a.S.] 
)1  through  the  hill  (near  Malvern)  has  given  me  a  better 
>  Woolhope  beds  than  I  ever  had  before.  The  quantity  of 
ctraordinary.  Our  own  collector,  Mr.  Gibbs,  of  the  Geolo- 
ey,  Br.  B.  B.  (hindrod  of  Malvern,  and  other  friends  have 
,  great  many,  and  in  the  most  perfect  state  of  preservation, 
tiiere  are  only  a  few — the  ordinary  Wenlock  species  (for 
lope  limestone  is  nothing  else  than  a  lower  Wenlock  rock). 
XB  the  little  Echinoenerinus  armatus  is  frequent  enough. 
are  abundant.  lUctnus  Barriensis  attained  its  fiill  siie 
jd  strawberry-headed  Trilobites  {Encrinurus)  are  in  great 
,  also  CheiruruSy  Spharexoehvs  mirus  with  its  globular 
daspis,  Lichas,  and  four  species  of  PJui^ops,  including  P. 
»,  tiie  well-known  Wenlock  and  Ludlow  form. 
)6t  common  shells  are,  of  course,  Braehuypoda,  as  in  all 
idy  sediments.  Lingtda  Lewisii  and  L,  Symondsi  (MS.) 
fid ;  AtrypOf  four  species  of  Strophomena  (of  largo  size), 
hxmiay  thjree  species  of  Spirifer,  four  species  of  Orthisy  six  or 
IhtfnehonellayJMBt  as  in  tho  Wenlock  limestone:  Pentamerus 
ind  P.  rotundus  are  the  most  plentiful  of  all ;  the  latter 
litherto  thought  a  rare  species. 

other  bivalve  shells  there  are  Cardiolay  MytiluSy  Pterineay 
md  Nueuila,  Aviculof,  of  two  or  three  species,  are  the  most 

ihells  are  not  so  plentiful.    Euomplialus  Bjnd  Cyehnema  aie 

JUrophon  is  abundant:  there  are  three  species,  including 

B,  dilatatus  of  the  '  Silurian  System.' 

sphalopod   genera  OrthoceraSy  lAtmteSy  and  Phragmoeeras 

are.     Lastly  there  is  IschaditeSy  which  I  have  lately  found 

mus  of  the  sponges ! 

be  seen  how  much  this  list  is  like  one  made  from  the  Lower 

jeposits ;  indeed,  in  a  broad  view  of  the  Silurian  S3rstem, 

1  not  rc^idily  separate  the  Lower  Ludlow  from  the  Wenlock 

no  notes  on  the  Wenlock  limestone  along  this  section ;  nor 
well  developed.  I  believe  it  is  cut  out  in  many  places  by 
;  entered  yet  in  any  map. 

Upper  Ludlow  Bock  which  lies  between  the  Malvern  ridge 
HIT  Gamp,  it  is  enough  to  say  that  it  contains  the  common 
L  the  usual  proportions.  When  we  meet  with  Chonetes  latay 
I  amygdalina,  Orihis  lunaiay  Orthoeeras  buUatumy  and  the 
bUs  (Murchisoniay  &c,)  with  their  investing  Coral  (Steno^ 
)  may  be  sure  that  the  rest  of  the  Upper  Ludlow  fossils  are 
iff;  SerpuUtes  IcngisnmuSy  for  instance,  with  a  lace-like 
on  its  surface,  &c. 

.ymestry  bandjs  near  Bilbury  Camp  are  not  characterized 
Biy  peculiar  fossils,  so  far  as  I  know.  The  Braohiopods  are 
eonmioii.    Instead  of  the  Spirifer  plkauUM  of  the  Wool- 
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hope  beds,  wo  havo  *S/).  elivatua  in  abundance.  RhynchonclUa  WAm 
is  v(4y  pleiilit'ul ;  so  arc  Lingula  Letvisii,  Atnfpa  rttinilam,  an 
Strtyphnmnn  Ptcffii,  Pnifamerus  r/aleattis  is  frequent;  butlhav 
not  the  (•<»mmon  P.  Knlffhtii  in  my  list. 

Only  a  few  Unividvos  and  Trilobites  arc  known  in  this  locality. 

But  if  tlu^  limestone  is  poor,  the  Lower  Ludlow  shale  beneath 
is  ])roliiic  indeed.  \\Tien  I  was  there,  they  were  bringing:  up  tl 
pey-bhie  slialo  fidl  of  large  Avicula;,  of  the  size  and  shape  cJ  tl 
Pearl-oysters.  There  wa.s  PlevrorhtfnchuSy  nearly  as  large  as  thes 
called  Ctd'dnnn  ffihernicum  I  Besides  a  host  of  oixiinaiy  Brachiopoi 
(tlie  list  of  whi(;h  woidd  be  only  a  repetition  of  those  of  the  Voo 
hoi>e  sluilc)  and  a  very  few  Corals  and  Trilobites  *,  there  are  hercti 
largest  I' iii valves  known  in  the  SQurian  reeks.  Pleurotomana  of  fo 
or  live  si)c'eies,  some  as  much  as  five  inches  long;  of  EwmjM 
three  species;  veiy  fine  BcUerophons,  and  the  common  Pterqwd 
Oi'thoarns.  of  gi'eat  size  and  of  many  species ;  and  the  genera  Pkra 
mocerany  C/frtonras,  and  Litiutes. 

The  profusion  of  Cc^phalopods  from  these  beds  in  Dr.  Grindroc 
line  (•(  »ll('(.tion  is  wonderful.  Among  them  is  a  new  genus,  to  bo  add 
to  tlie  British  list,  which  my  friend  Dr.  A.  Fritseh  t  recogniied 
one  of  tlie  familiar  Bohemian  fonns.  It  looks  like  a  Lituita,  ai 
would  hav(^  j)asscd  for  a  new  species  of  it ;  but  there  is  a  slight  sp 
rality  in  the  whorls  (not  so  gi^cat,  however,  as  in  several  Bohemn 
s]»ecies),  which  betrays  it.  It  is  really  a  subspiral  form  belonging 
the  ^-(mtilitfip.,  and  analogous  to  the  genus  IfeJivoceras  among  tl 
Ammonite  group.     It  is  8  or  0  inches  in  diameter ! 

I  Ix'lieve  that  the  **  Ludlow  Bone-bed  "  is  not  found  in  the  Tonne 
section.  You  find  it  a  few  miles  to  the  north,  at  Brock  Hill  ai 
also  at  Hales  Knd,  overlain  by  the  Downton  Sandstone. 

The  i>lant  which  Dr.  Hooker  described  J,  and  for  which  he  no 
propfKses  the  characteristic  name  PachiftJu^a  ftphcrricafis  the  commc 
fossil  in  the  sandstone,  and  is  aecom])anied,  as  at  Ludlow,  by  plan 
rimiains  and  fragments  of  PUnftfotus, 

Of  the  '*  Passage-becls,'*  descrilwd  by  you  in  your  former  iwper 
1  need  n(»t  say  much  ;  but  ha\-ingseen  this  be^utihil  section  inyw 
comi)any.  I  nuiy  l>e  ]>ei*mitted  to  observe  that  I  quite  agree  wi 
your  interjui^tation  of  it.  The  little  group  of  olive-coloured  shale  ai 
grey  sandstone  in  which  the  Fish-remains  are  found,  is  exceeding 
like  that  in  the  larger  S(?cti(m  of  the  same  beds  at  Lutllow.  ()f  t! 
I'ish-ivmains  one  is  identical — the  Ccphalasjm  March isoni ,l^f^Tio] 
the  (»ther  is  a  new  ylnchrnnqm,  certainly  distinct  firom  the  Ludlc 
specit  s.  Your  section  shows  just  what  is  wanting  at  Ludlow— t 
;^0()  ftet  of  red  marls  and  sandstones  which  intervene  between  the 
])assage-be(Ls  and  the  Silurian  roeks,  and  which  definitely  ahut  i 
former  up  in  the  base  of  the  Old  Red  Sandstone. 

*  In  the  fowiicp^  of  TrilobitoB  this  sliale  difEcra  materially  from  the  WooUk 
plialo  N'fon^-nicnt  ioiiod. 

t  K.i-i])iT  of  lI)o  Royal  Bohemian  Mnfioum,  Prague — an  eieellent  ofanrr 
and  an  uutlioriiy  on  Kur<.tpeaii  binls.  Wc  passed  three  woeka  in  tlie  Siluri 
r«'yinn  most  j>lcasantly  to^tlicr. 

♦  (^uart.  J(»urn.  Owl.  tioc.  vol.  \\.  v-  12.  $  P*id.  toI.  xvi,  p.  IW. 
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Jakuaby  23, 1861. 

William  Woston,  Esq.,  Birkenhead,  was  elected  a  Fellow. 

The  following  communications  were  read : — 

1.  On  the  Gratel  and  Bouldkbs  of  the  Punjab. 
By  J.  D.  Smtthe,  Esq.,  F.G.8. 

[Abstract] 

V  tile  Phimgota  Yalley  (a  continuation  of  the  Great  Kangra  or  Palum 
alley)  the  Drift  consists  of  sand  and  shingle  with  boulders  of  gneiss, 
shirt,  porphyry,  and  trap-rock,  from  6  inches  to  5  feet  in  diameter, 
ome  of  the  boulders,  having  a  red  yitreous  glaze,  occur  in  irregular 
eds. 

Hub  moraine-like  Drift  lies  on  the  Tertiary  beds,  which,  here  dip- 
ing  gently  towards  the  plains,  gradually  become  vertical,  and  are 
leoe^cd  by  variegated  compact  sandstones,  gradually  inclining 
raj  from  the  plains ;  next  come  various  slates,  at  a  high  angle ; 
id  gneiasic  rocks  lie  immediately  over  them. 


.  On  Ptebaspis  Dxtnensis  (ArchsBoteuthis  Dunensis,  Roemer).  By 
ThomasH.  Huxley,  F.R.S.,  8ec.G.S.,  Professor  of  Natural  History, 
Government  School  of  Mines. 

HI  fourtii  volume*  of  the  '  PaleBontographica '  of  Dunker  and  Von 
[eyer  (1856)  contains  a  memoir  on  "  Palaioteuthisy  a  genus  of 
aked  Cephalopoda  from  the  Devonian  rocks  of  the  Eifcl,"  by  the 
^-known  paleontologist  Dr.  Ferd.  Boemer.  The  fossil  upon  which 
U8  genus  is  founded  is  described  as  an  oval,  convex,  symmetrical, 
iield-like  body,  marked  by  two  diverging  longitudinal  elevations 
r  keels,  and  exhibiting  on  its  surface  a  peculiar  ornamentation, 
■Mating  of  curved  parallel  ridges,  so  fine  that  there  are  as  many 
» 8  or  10  to  a  line.  All  traces  of  any  deeper  layer  than  that  which 
Khibits  these  ridges  had  disappeared.  In  discussing  the  affinities 
f  this  fossil.  Dr.  Roomer  decides  in  favour  of  its  being  the  internal 
twll  of  a  Naked  Cephalopod,  upon  the  grounds,  first,  of  its  general 
JJtt,  and  secondly,  of  the  presence  of  the  diverging  keels,  in  both 
f  which  respects  he  considers  the  fossil  to  resemble  the  internal 
1^  of  a  Sepia.  And  he  adds :  *^  Inasmuch  as  the  fine  superficial 
^pture  is  altogether  peculiar  and  different  from  that  of  the  cuttle- 
*''te»  and  since,  further,  the  fact  that  the  fossil  exhibits  such  a  struc- 
^  only  upon  its  surface  leads  one  to  suspect  that  it  was  not  a  thick 
**cle,  but  thin  and  homy  like  that  of  LoligOy  and  since,  finally, 
^  Occurrence  in  so  old  a  formation  makes  its  generic  identity  with 
J«  living  genus  improbable,  it  will  be  justifiable  to  consider  the 
"•>!  a«  the  type  of  a  new  genus,  although  its  clear  definition  can 

»  Pago  72,  plate  13. 
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r  be  rendered  possible  Iqr  tlie  diioomj  of  1 
and  perhaps  of  other  parts  of  the  •mttML"  (p.  74b) 

Dr.  Boemer  then  remaiks  on  tbe  eridanoe  tluia 
occurrence  of  naked  Otpkabpoda  at  an  eailiflr'  panod 
hitherto  been  supposed;  and, m anotey  ha  refew to  Dr, K:aia^i)| 
on  Cq>hala8pi8  Ltoydii  and  (7.  Lmnm,  dunating  tiie  eondiBi 
which  Ener  had  arrived,  that  these  Ambu  an  TCBMBHa  of  B 
Cephalopods,  and  aJBrming  **  iiiat  the  atrootiife  of  the  ahdl  «f  I 
disks  is  rather  that  of  OruUaeeOf  and  iiiat  their  nhole  nslmMil  i 
leads  to  the  supposition  iiiat  thej  are  allied  to  aaflh  pahwnin  0 
tacsa  as  Dithyroearii  or  PUrmim/*  Cazeftiny  eaacnted  §g 
accompany  the  memoir  from  imdk  theae  oitationa  aze  made. 

In  Leonhard  and  Bronn's  <  Jahitmeh'  for  1868,p.  66,BnllBo( 
returns  to  this  subjeoi,  in  a  abort  '*  Notiee  of  a  aeoond  apeahH 
ArchcBoteuthis*  Dtmensii,  from  the  di^-datea  of  Waaaenadi,  m 
Laacher-See/'  in  whioh  apeoiinon  flio  mtemal  atmoiiira of  tibai 
is  preserved. 

<'  The  form  and  siie  of  tfaia  apedmen,**  asja  Prot  BoenMry'if 
essentially  with  t^ose  of  the  mat  speeimen.  like  the  latter,i 
imperfect,  the  lower  end  being  absent.  The  fiiaail  ia  a  ooal-Hi 
brittle,  homy  substanoe,  sharphr  da&ied  againat  the  slatj  m 
the  matrix;  the  thickness  of  file  hyer  which  it  fbni»iaabo«^ 
a  line,  as  canbedistinotlyaeenbythe  tmoavenelyfiraefeondani 
ferenco.  The  sculpture  of  the  amlhee  ia  to  be  obaarved  obI^  oa 
small  space.  Here  it  exhibits  fiie  same  fine  linea  aa  the  Dan  i 
cimen.  For  by  fiur  file  greater  part  of  ika  aztant,  tiie  anpcrf 
layer  of  the  shell  is  destroyed,  and  the  internal  atmetoze  is  lew 
so  distinctly  as  to  make  tUa  specimen  partioalaily  zemaikahk 
consists  of  small  priamatio  eeDa,  di^oaed  peroendicnUrity  to  fiiai 
face  of  the  shell.  The  tnnavezae  aeetion  of  the  odb  la  imgd 
hexagonal,  or  eyenpolTgonal;  the  diameter  of  the  odb  iaaadv 
three  or  four  occur  in  the  apace  of  a  line,  whence  the  aepai^ 
perfectly  recognizable  witn  the  naked  eye.  Hie  de^  of  thi< 
is  equal  to  about  one>tfaird  of  the  thiekness  of  the  ahelL  Hieln 
most  layer  of  the  ahell  appean  not  to  take  part  ia  lUa  eia 
cellular  structure,  but  to  be  nmcift  rv^Tf^  fflmpart,         ^ 

''  If  this  structure  be  compared  with  that  of  the  Bhell  of  I 
offieinalisy  L.,  the  ciloae  analogy  of  the  two  is  obvious.  Only,  in 
living  genus  the  oeUa  aie  modh  finor  anct  me  disposed  in  muM 
thin  layers  one  over  the  other,  whilst  in  tho  fos^jil  gpodee  b 
single  such  layer  is  diaoeniiUe.  In  any  case,  tMs  cellular  strtu 
of  the  fossil  shell  indicatea  its  aMnlty  rather  with  Sepia  tbagj 
LoUgOy  as  I  had  previondy  aq^posed."  ■ 

l^e  specimen  from  Waasenach  thus  deacnbed  has  now  pasM 
the  collection  of  the  Bntiih  ICuaeum  ]  and  my  &iend  Mr.  Woodi 
(who  had  already  divined  the  prc^^iii^e  nature  of  tho  so-called  /%i 
imthis  in  a  note  to  p.  417  of  Im  *  Manual  of  the  MoUu^ca  ')  hi 


*  In  Bronn  and 
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died  my  attention  to  the  specimen,  without  giving  me  any  informa- 
tion is  to  its  previous  history,  I  at  once  affirmed  it  to  be  a  PteraspiSy 
-4emg  led  to  this  determination  by  the  eminently  characteristic 
itriatiaa  of  the  outer  surface,  combined  with  the  no  less  peculiar 
foj^Hlonal  cells  of  the  middle  layer*.  There  is  nothing  like  either 
of  ttme  tissues  in  any  Cephalopod  or  Crustacean  with  which  I  am  ac- 
quinted — ^the  construction  of  the  cuttle-bone  being  totally  different ; 
nd  they  exist,  in  combination,  in  no  animal  structure  which  has  yet 
been  described,  except  PUraspis.  In  form,  and  in  the  presence  of  the 
drogmg  ridges  described  by  Prof.  Boomer,  the  fossil  perfectly  agrees 
wHli  many  of  our  English  Pteraspides;  and  I  have  therefore  no 
Mtation  m  expressing  the  opinion  that  Archcfot^uthis  must  disappear 

Diagram  of  a  restored  Ptercupis, 
A  B 


\^^2.  Snoat  or  rortnim,  united  with  b,  the  shield-like  disk.  e.  The  oomos  of  the 
JJ^«* ;  d.  its  mediftn  backward  prolongation ;  e.  the  median  posterior  spine  into 
^^^  the  last  is  produced.    /.  Orbits  or  nasal  apertures. 


^  I  hste  earefully  described  these  structures  in  my  memoir  "  On  CephalofpU 
^^  Ptera»pi9,"  Quarterly  Journal  of  the  Geological  Society,  1858,  vol.  xiv. 
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from  the  list  of  Dibranchiato  Ccphalo][)od8y  and  consequently  that  the 
paUeontological  history  of  this  group  cannot,  at  present,  be  traced 
back  further  than  the  beginning  of  the  Mesozoic  epoch. 

The  distinction  of  species  among  the  Ptet-aspides  is  a  difficult 
matter ;  and,  pending  investigations  which  I  have  been  for  a  long 
time  making  on  this  subject,  I  leave  open  the  question  whether 
Prof.  Roemer's  specimens  are  or  are  not  types  of  a  new  apectest 
which,  in  the  latter  case,  must  be  termed  Ptera^pis  Dunengis. 

In  conclusion,  I  may  remark  that,  as  I  have  already  pointed  out 
elsewhere  (British  Association  Reports,  1858),  the  test  of  PUnufk^ 
as  commonly  met  w4th,  consists  of  only  a  part  of  the  cephalic  ^A 
of  that  singular  fish,  the  whole  shield  being  not  a  little  similar  to 
that  of  Cephalaspis.  In  Pteraspis  rostratus,  for  example,  the  entire 
shield  has  the  form  indicated  by  the  subjoined  outlines,  of  which  A 
represents  a  dorsal,  and  B  a  lateral  \iew.  It  consists  of  a  cephalie 
rostrum  (a),  more  or  less  elongated  and  pointed  according  to  the 
species,  passing  posteiiorly  into  the  broad  shield  (6),  which  (ai 
the  dotted  lines  indicate)  is  commonly  found  broken  off  and  alone. 
WTicn  perfect,  Hiis  is  produced  laterally  and  posteriorly  into  two 
comua  (r),  and  in  the  middle  line  beliind  passes  into  a  broad 
prolongation  (d),  which  gives  rise  interiorly  to  a  long,  curved,  and 
backwardly  produced  spine  (e).  Upon  each  side  of  tiie  test,  whew 
the  rostrum  joins  the  rest  of  the  shield,  there  is  a  round  well- 
defined  aperture  (/),  which  may  be  either  the  orbit  or  the  nasal 
aperture. 

It  is  not  easy  to  find  an  exact  parallel  for  such  a  cephalic  covoing 
as  this  among  existing  fishes.  Loncariay  Tetrodon  narituSy  Aclpenstft 
and  Spatularia  seem  to  present  the  nearest  analogies, — ^the  two 
former  being  much  more  remote  than  the  two  latter.  Infact,if  thfi 
bony  ceplialic  shield  of  the  Aeipenseroid  fishes  were  ossified  in  one 
piece,  it  would  very  closely  resemble  that  of  both  Cephahspis  and 
Pteraspis,  and  would  hardly  dificr  more  from  either  than  the  two 
from  one  another. 


3.  On  the  "  Chalk-bock,"  the  Topmost  Bed  of  tJie  Lower  Chaii,« 
BEiiKsnraE,  Oxfordshire,  BucKiNonAMsniRE,  ^t.  By  WiuJA* 
WniTAKER,  B.A.,  F.G.S.,  of  the  Geological  Survey  of  Gn»t 
Britain. 

The  bed  to  which  I  have  elsewhere*  given  the  name  of  <« Chalk- 
rock,"  I  believe  to  form  the  division  between  the  Upper  and  Lower 
Chalk,  and  to  be  the  topmost  bed  of  the  latter.  I  have  descrihed  i* 
ns  "hard  blocky  chalk,  jointed  perpendicularly  to  the  plane  of  beddingi 
with  lines  of  irregularly  shaped,  hard,  calcareo-phosphatic  nodulefl» 
which  are  green  outside,  but  cream-coloured  within."  It  break" 
with  an  even  fracture,  rings  when  struck  with  the  hammer,  and  i* 
of  a  pale  cream-colour  (the  nodules  being  darker  than  the  rost). 

*  Catalogue  of  Rock-Spccimcns  in  the  Museum  of  Practical  Qeokxr.  dod 
oditioD,  p.  29G. 


WHTTATIR — CHALK-BOCK  OF  BEBK8,  ETC.  167 


I  thought  that  this  bed  had  escaped  the  notice  of 
it  ICr.  Prestwich  tells  me  that  he  has  long  known  of  it. 
een  noticed  by  Mr.  Evans,  of  Hemel  Hempstead,  and 
ington,  of  Devizes.  However,  I  believe  that  no  account 
been  published,  with  the  exception  of  the  short  de- 
'e  referred  to. 

laervations  have  been  confined  to  the  counties  of  Wilts, 
Bucks,  and  Herts — ^that  is,  to  the  northern  side  of  the 
of  the  London  Basin, — ^in  which  area  I  found  that  the 
aches  its  greatest  thickness  to  the  west,  gradually  thin- 
Is. 

nd  but  few  fossils  in  the  Chalk-rock ;  but  Mr.  Evans 
ent  those  that  he  had  collected  (near  Boxmoor)  to  the 
Practical  Geology.  They  have  been  determined  by 
3,  and  they  make  up  the  greater  part  of  the  following 

FossiU  of  the  "  Chalh-rod::' 

L  Spondylus  latus. 

Sp.  spinosus. 
•lites  (of  Nautilus).  — 

I.  Bhjnchonella  Mantelliana. 

Terebratula  biplicata. 
f  T.  semiglobofltt. 

Parasmilia. 

lUS.  — 

ra  ?  Ventriculites. 

^  I  saw  only  one  section  of  the  Chalk- rock,  not  having 
for  others ;  this,  however,  showed  a  far  greater  thickness 
ve  elsewhere  seen.  It  is  in  a  cutting  on  the  tumpike- 
ip  the  chalk-escarpment  that  forms  the  northern  side 
Valley,  nearly  four  miles  S.S.W.  of  Marlborough.  Tho 
cut  into  near  the  top  of  tho  hill ;  and  the  following 
lay  be  seen  in  it : — 


with  a  little  cherty  flint  at  the  top 
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As  the  beds  below  the  last  line  of  nodolet  irmUUBAlif  Mi 

rubbish,  I  could  not  see  the  fbnthidorai  of  the  «'iodb*    BiW 
of  nodules  are  two  or  three  inches  tUdt  * 

Working  eastwards^  the  next  plaee  at  iriuflh  I'  hiCfB  sJMi  fl 
Chalk-rock  is  in  the  nei^bonxhood  of  Bast  TUbej,  in  BoMb 
where,  indeed,  I  first  notioeid  it.  Hexe  itsflncikaeiis  net  mmUm 
4  feet. 

About  half-way  bet¥7e0n  Ftengboam  and  BaasDdon^  in  m  iMPJ 
on  the  Oxfordshire  bank  of  the  Thames,  it  ia  aeen  to  be  abontia 
thick ;  and  in  the  neighhooiliood  of  Henley-oin-llunBea  it  is  aha 
4  feet.  At  this  last  place,  the  Ghalk-rodk  and  the  Lower  CUk 
as  an  inHer,  being  surrounded  on  all  aideabr  Upper  Ohalk. 
three  good  sections  on  the  northern  aide  of  the  Thamea' 
and  Mcdmenham.  In  theae,  aa  wdl  aa  in  tiie  aeeti 
bourn,  its  position  in  the  Chdkia  well  ahown.  Itfamaan 
of  division  between  the  Upper  Chalk  (witii  flixida)  and  liie  LowevChl 
(without  flints),~there  being  genenlly  a  bed  of  llinta  Ijiqg  «al 
upper  surface,  whilst  there  are  none  either  in  or  bebw  il|  wih  fl 
following  exception,  whieh  does  not  in  any  way  di^ptova  tta  ilA 
In  a  chalk-pit  just  above  Greenland  Lodge,  near  Hanley;  flMBilf  i 
section  across  a  small  fiEUilt,  from  iriiich,  below  flie  Qadk^ii 
proceed  two  highly  inclined  fismuea,  aome  fbet  in  knclk,batai 
more  than  a  quarter  of  an  inch  broad ;  eaeh  of  them^ 
a  line  of  flint,  which  must  clearly  have  been  dmaiiad 
siliceous  solution  that  found  a  elmmul  do\m^ffi?Tlfisureii.  uJb 
which  must  therefore  be  of  later  date  than  those  fissures,  thei 
two  lines  of  flint  have  no  relation  to  the  bed^  of  flinte  in  the  ciil 
above  the  "  rock,"  bat  arc  inclined  at  a  high  angle  to  the  line  t 
bedding. 

Still  working  eastwards,  the  Cbalk-rock  may  be  occasion&llj  9td 
along  the  chalk-escarpment,  ut  no  gmat  diatanc<?  from  the  top,  «4 
also  on  the  flanks  of  uie  main  ralleys  ruBning  at  right  angles  U  tla 
strike  of  the  Chalk  (and  diifcnng  ti^om  the  lessor  vaUop,  which  t$ 
dry,  in  containing  streams).  | 

As  the  dip  of  Uie  Chalk  is  not  much  greater  than  the  fall  of  thii 
Tslleys,  the  Chalk-rock  does  not  disappear  along  thorn  for  mwt 
miles  inland  from  the  ^eai-pm^nt.  Thna,  along  the  Lnndwsl^ 
Valley  it  occurs  as  fiur  aoutli  m  Wycombe  Marsh ;  in  the  Misboofll 
Valley  it  reaches  to  a  point  a  lit  tie  below  Amer&liam ;  along  d 
Chess  Valley,  to  neaily  three  mHes  below  Chesbam ;  and  ia  d 
Berkhampstead  Valley  to  aome  spat  between  Bo:onoor  and  £ia| 
Langley.  I 

Near  High  Wycombe,  and  to  the  east  of  that  town,  the  Chalk^nv 
loses  its  hitherto  well-marked  jointing,  and  breaks  up  into  eomps^ 
tively  small  pieces.  In  the  neighbourhood  of  Wendover,  Amerdi^ 
and  Berkhampstead,  its  thickness  ha^  dwindled  down  to  2  or  1^  ff4 
but  on  the  hills  to  tibie  aonlh-ea^t  of  tho  Bmt  place  there  are  two  bi 
of  it,  separated  by  a  few  ftet  of  cha^k. 

The  last  section  of  the  Chalk -reek  that  I  saw  was  in  a  pit 
Bozmoor  Bailway-atatiaa,  when?  for  the  first  time  I  notieed 


etwobi 
itSMri 
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flints  below  the  rock.  Of  these  I  saw  but  two ;  and  in  each  the  flint- 
fiodnles  were  widely  separated :  it  is  possible  that  here  also  there 
ntj  be  a  second  bed  of  the  ''rock"  lower  down.  Besides  the  sections 
thit  I  saw,  I  also  often  heard  of  the  occurrence  of  this  bed  in  well- 
■Bkmg.  Where  it  is  thick,  the  well-sinkerB  are  obliged  to  blast  it, 
on  aocoTint  of  its  hardness. 

Where  there  are  good  dear  sections,  as  near  Henley,  its  upper 
bonndazy  will  be  seen  to  be  sharply  defined,  the  lower  one  not ;  so 
that  I  should  take  it  to  belongto  die  Lower  rather  than  to  the  Upper 
Qialk.  The  few  fossils  that  have  been  found  in  it  bear  out  this 
liev. 

In  the  parts  of  the  chalk-country  of  Surrey  and  Kent  known  to 
Be,  I  have  not  noticed  the  Chalk-rock ;  but  my  friend  and  colleague 
Mr,  Drew  tells  me  that  he  has  seen,  in  the  former  county,  a  bed 
that  soems  to  be  like  the  Chalk-rock  of  Bucks,  Berks,  &e,,  and  in 
tile  same  position.  It  may  be  seen  on  the  flank  of  the  chalk-escarp- 
meot  in  the  large  quarries  near  Guildford,  and  in  others  between 
ftriang  and  Keigate  (north  of  the  word  "  Betchworth "  on  the 
Mnanoo  Map),  where  it  is  about  25  feet  thick ;  and  also  in  the 
nUejr  along  which  the  Caterham  Braneh-Eailway  runs,  at  the 
Bon  and  C^wn,  about  four  miles  north  of  the  escarpment.  Tho 
Mkwing  section  taken  at  this  last  place  has  been  given  me  by  Mr. 
Drew: — 

Reconstructed  Chalk 4  or  5  ft. 

Chalk  with  flints  about  25  „ 

Chalk  with  nodular  structure  and  a  few  scattered 

flints  (Chalk-rock?) „      25  „ 

Chalk  without  flints „      25  „ 

horn  the  above,  it  is  dear  that  tho  bed  is  very  thick  about 
Jflre*. 

horn  the  account  of  the  chalk-difiEs  near  Dover,  given  by  Mr.  W. 
%i]fip8,  in  the  'Transactions'  of  tho  Sodetyt,  I  cannot  dearly 
Bake  out  its  presence  there.     If  it  be  present,  it  must  be  in  great 


The  "  Chalk-rock,"  should  it  prove  to  be  the  topmost  bed  of  the 
lower  Chalk,  as  it  is  in  the  counties  of  Berks,  Oxon,  and  Bucks,  must 
ire  some  influence  on  our  notions  as  to  the  extent  of  country  taken 
)by  that  division  of  the  Chalk.  In  the  above-named  counties  the 
)wer  Chalk  forms  nearly  the  whole  of  the  great  escarpment,  not 
ing  covered  by  the  Chalk- with-flints  until  within  a  short  distance 
)m  the  top,  except  at  the  highest  points  of  the  range ;  runs  along 
e  main  valleys  for  eight,  ten,  or  twelve  miles  from  the  escarpment; 
d,  according  to  well-sections  in  brick-yards,  is  but  from  40  to  80 

^  Mr.  Drew  has  lately  reviritcd  the  chalk-countrj  between  Famhain  and 
ildford,  and  he  tells  me  that  the  Chalk-rock  Ib  about  25  feet  thick  in  that 
^ibourhood  alio. 
^  lit  Series,  toL  y.  p.  16,  &c. 
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feet  below  the  aurface  for  a  oonaidemble  ^stance  from  iti  onteflp'. 
Ae  in  the  counties  in  question  the  Upper  Chalk  b  not  fiir  short  of  ^ 
feet  in  thickness,  and  eometimea  quite  that,  it  is  elear  that  the  tup- 
mast  beds  of  the  Chalk  do  not  generally  occur  either  on  or  near  tb 
escarpment,  but  that  they  have  been  denuded*  The  Chaik-rofiiiril! 
serve  as  a  datum  for  the  meaaurement  of  the  <^te(nt  of  Qoa  da»* 
dation* 

Hiere  are  two  more  polnia  that  may  he  noticed  in  connexion  witii 
the  Chalk-rock,  To  the  north  and  north-west  of  Marlhoroagh,  Ihe 
Upper  Chalk  has  an  cseariiment  of  its  own,  qmte  distinct  and  eepawto^ 
and  often  at  a  conaiderahle  diatanodj  trma  that  of  tlie  Lower  Chalk,  sa 
noticed  hj  Mr,  Avelinet.  Hay  not  this  bo  owing  to  the  Chalk-iocfc 
being  there  ver}^  thick^  aa  there  is  erery  reason  to  suppose  is  tb«  cm  f 
Further  eastwards,  where  the  Ohalk-rock  is  thinner,  the  two  eaae^ 
ments  generally  merge  into  one* 

In  parts  of  the  South  of  Englaud  there  are  flints  from  the  top  ^ 
the  bottom  of  the  Chalk,  I  do  not  know  whether  it  is  suppoeedtti& 
this  flint-bearing  Chalk  represents  both  the  Upper  and  Lower  QuJkrf 
other  part^,  or  the  former  only.  The  eccorrenc©  of  the  Chalk-ii«lc 
might  set  at  rest  the  question  whether  the  Upper  Chalk  only  is  tiiro 
present,  or  whether  the  Lower  Chalk  is  flint- bearing.  The  tom&^ 
ease  would  imply  an  overlap  between  the  Upper  and  Lower  CSurUCi 

PosTscnirT. — Since  this  paper  waa  read,  Mr,  Frestwich  has  toUn^ 
that  he  has  seen  the  bed  in  question  on  the  top  of  th6  chalk-IdD* 
between  Calne  and  Marlborough  Downs  ;  that  it  was  found  in  tf»D 
at  Harpenden,  near  St.  Albans ;  that  it  boa  been  noticed  by  M^^* 
Jiensted  and  others  on  Kit's  Ck>tty  Hilli  near  tfaidBtone  (iriMwit^^ 
but  2  or  3  feet  thick) ;  and  that  the  nodules  in  ithsve  hieabai^^ 
contain  ten  per  cent,  of  phosphateB, 

A  more  detailed  account  of  the  aectionB  of  the  Ghalk-ncI  S^ 
Oxfordshire  and  Berkshire  will  be  given  in  s  memoir  (ahoatttr  tot^ 
published)  illustrating  Sheet  13  of  l^e  Map  of  the  Gedlogieal  fking^i 
and  those  in  Buckinghamahire  will  be  nraeed  in  a  BMmoir  (mW^ 

progress)  to  illustrate  Sheet  7. 

wUshOt 


*  I  find  that  Mr.  Godwin-Aiutsn  has  notioed  the 
escarpment  of  Berksliire  conmsts  ot  Lower  didOL    Ha 
UfRng^n  Camp,  appears  to  rise  no  hig^  in  the  MriM 
flints.    (Quart.  Joum.  QeoL  Soc.  toL  yL  p.  46L) 

t  Sec  Memoir  iUustrating  Sheet  34  of  the  Map  of  the  GeolosM 
Great  Britain,  p.  37. 
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lerford  Ancram,  Esq.,  75  Invomess  Terrace,  Ken- 
,  and  Thomas  William  Jcfifock,  Esq.,  C.E.,  Woodside, 
lected  Fellows. 

oommunication  was  read : — 

Bocks  of  the  Western  Islands  of  Scotlind,  and 
asTERN  ami  Central  Highlands.  I3y  Sir  Roderick 
r,  D.C.L.,  V.P.G.S.,  F.R.S.,  &c.,  and  Archibald 
F.R.S.E.,  F.G.S. 


C0!rTS2fTS. 


I  of  the  Hebri- 
vestem  Highlands, 
larris.  [Lewis. 

Conglomerate  of  the 
Ghtieias  of  the  main- 

mdstone  and  Con- 
MB-shire. 

>f   Lower  Silurian 
Limestones,      and 

thelsleofSkye. 

ban. 

Strath  Kennort 
Loch  Broom. 

oom  to  Lodi  Maree. 

•  Loch  Torridon. 
sads."  Loch  Carron. 
loch  Duich.  Skye. 
!ie  comitry  between 
ind  the  Lme  of  the 
r  Caledonian  CanaL 
>  Contin. 

vj  Loch  Quoich  to 
ian  Canal. 


3.  Repetition  of  the  Lower  Silurian 

Quartz-rocks,  Limestones,  and 

Schists  east  of  the  Line  of  the 

Great  Glen. 
Line  of  Great  Glen  or  Caledonian 

Canal.        Islav  and  Jura. 
Prolongation  of  the  Islay  and  Jura 

Rocks  up  Linnhe  Loch. 
Eastern  shore  of  Linnhe  Loch. 
Glen  Spean.        Loch  Leyen. 
GlenCoe. 

The  Breadalbane  Deer-Forest. 
Black  Mount  by  Glen  Orchy  to 

Loch  Awe. 
Black  Mount  to  Tyndrum. 
Tyndrum  to  Loch  Tay. 
Loch  Tay. 

Loch  Tay  to  Glen  Lyon. 
Taymouth  to  Loch  Kannoch  and 

Dalnacardoch. 
Dalnacardoch  to  Blair. 
Blair- Athol  and  Glen  Tilt 
Blair  to  Dunkeld. 
Spittal  of  Glenshee  to  Dunkeld. 
Eastern  Flanks  of  the  Ghrampians. 
I IV.  Conclusion. 
§  v.  Appendix. 


-In  former  memoirs  upon  the  cr3r8talline  rocks  of 
tland,  read  before  this  Society,  it  was  shown  by  one 
e  county  of  Sutherland,  in  addition  to  the  existence 
1  gneiss  and  an  unconformably  superposed  Cambrian 
)  is  a  conformable  ascending  series,  from  certain 
|uartz-rocks  and  limestones,  up  into  a  group  of  mi- 
issose  schists.  It  was  abo  pointed  out,  in  a  general 
he  Highlands*,  that  the  order  thus  observable  in 

a  Memoir,  the  reader  is  referred  to  the  geological  sketch-map  of 
ously  publi^ed  in  Quart  Joum .  Qeol.  Soc.  vol.  xy.  pi.  12.  That 
liat  geological  order  in  the  Southern  Highlands  which  we  haye 
ill  speedily  be  followed  by  a  general  sketcn-map  of  all  Scotland, 
loured  sections,  in  which  tlie  correlation  of  the  stratified  rocks 
h  those  of  much  less  altered  characters  in  the  South  of  Scotland, 
irian  remains,  will  be  for  the  first  time  explained  by  ourseWes. 
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tlie  nortli-wcstcm  regions  of  Scotland  probably  extended  south- 
wards across  the  mountainoiis  tracts  to  the  south  of  the  Cdedomia 
Canal.  Bat  this  application  of  the  claiwiflflatinin  of  the  rodv  of  As 
north-west  was  based  on  general  ohaerratiaiis  only  of  eadkr  jen; 
and  a  more  exact  survey  was  called  finr  befim  it  eonld  he  held  ■ 
proved  that  the  great  mass  of  the  So>ttidi  Highlanda  di^l^edtts 
same  order  of  succession  as  had  been  demaoetaied  to  emt  iafti 
north-western  tracts. 

It  was  also  necessary  to  traoe  the  developmeiLt  of  the  I 
shire  series  to  the  south-west,  throng  Boaa-shire,  lo  as  to  < 
the  base-line  from  which  the  restof  theBj^^iIaiidBahoaldbe^ 
out  in  detail. 

For  this  purpose  we  devoted  two  monthsof  the  last  saniiiNrtia^ 
examination  of  the  Eoss-shire  district  and  the  zegum  sootihwaidii^ 
the  Highland  border,  including  the  ifllanda  o(  Leina,  Skye^Uliyiiiid 
Jura.  The  results  of  this  Barvey,  oompletelyoQiifinniiigoar] 
views,  are  laid  before  the  Society  in  the  praseiit  memoir. 

I.  Eanoe  of  the  LAXTBEincLijr  OB  Qldsb  Qnam  dt  the 
Ain)  NoBXH-Wiaxnur  Hramjjrss. 

Lewis  and  Harris. — As  annoonoed  in  praviona 


greatest  spread  of  the  Older  or  Laarentian  Gneim  is  seen  intibeLo^K 
Island  of  the  Hebrides,  by  much  the  laiger  portion  of  irhJA  Jitfn^ 
*'  the  Lewis*/'  the  lesser  or  soathem  put  being  "  the  Hnm." 
In  both  those  tracts  the  mineralogioal  eharacter  of  tUa 
gneiss,  and  its  numerous  contortions,  have  been  so  wdl  ~ 


Macculloch,  that  little  remains  to  bo  said  on  thoae  heads  hj  cti 
That  author  has,  however,  omitted  to  state  that  the  nsad 
dominant  direction  of  the  strata  is  tnnsveise  to  the 
of  this  island;  for,  whilst  the  geographioal  aads  of  die  "whole, 
in  any  map,  is  from  N.N.E.  to  S.B.W.,  the  nonnal  stiike 
of  gneiss  is  from  S.£.  to  N.W.,  or  across  the  island.    Hie 
who  has  not  much  time  at  his  disposal  may  canvinoe 


fact  in  a  few  hours  by  examining  the  rooks  whieh  zisa  np  ts  A^^ 
west  of  the  Port  of  Stomoway.    If  he  should  have  saOedftoai A^^ 
opposite  mainland,  and  have  there  observed  that  on  tiie 
Lochs  Maree,  Gairloch,  and  Toriidon  the  Lanrentiaa 
persistent  strike  from  N.W.  to  8.E.,  with  dips  to  the  K. 
he  will  find  precisely  the  same  phenomena  mlTioTX wi^.^ 

Whether  he  examinee  the  various  points  of  rock — so  weJl  expoie^^ 
in  the  pleasure-grounds  of  Stomoway  Ca^tlo,  and  particolarly  \ ' 
which  have  been  cut  through  by  Sir  Jsmes  Hathc^on  on  ^le  t 
of  the  torrential  river  Creed,  or  the  sea-clii!'^  of  the  headkn^di 
the  east — or  should  cross  the  peat-covered  moors,  to  the 
shores  and  the  interior,  to  Morsgail  or  to  Boral,  or  eveOL 
extend  his  researches  into  the  Harris  beyond  Athlinc,. — he  evvay 
where  meet«  with  the  samo  phenomenon  of  a  prevalent  strike  ] 

*  Franoiinood'*Lcw»." 
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K.W.  to  S.E.  with  conntless  nndulations,  and  decided  inclinations  at 
ill  ingles,  both  to  the  N.E.  and  S.W. 

In  saying  that  the  strike  is  from  N.W.  to  S.E.,  it  must  be  added 
tint  this  direction  sometimes  varies  slightly  to  the  N.  and  S.  of 
F.W.  and  S.E. ;  but  the  normal  strike  is  precisely  that  which  prevails 
ibo  m  rocks  of  the  same  mineral  character  on  the  western  shores  of 
the  mainland  in  Boss-shire  and  Sutherland. 

As  before  shown*,  the  strike  of  this  old  or  bottom  gneiss  is  there- 
fore at  right  angles,  or  nearly  so,  to  the  N.E.  and  S.W.  direction 
of  all  the  superjacent  crystalHne  rocks  of  the  mainland,  including 
the  quartz-rocks  and  limestones,  and  all  the  overlying  formations. 
In  no  part  of  the  Lewis  is  this  dominant  strike  better  exhibited  than 
in  the  hilly  deer-forest  of  Sir  James  Matheson  at  Morsgail.  There, 
ind  adjacent  to  the  shooting-lodge,  the  gneiss  is  admirably  exposed 
in  several  openings,  and  consists  of  infboite  alternations  of  highly- 
ineUncd  dark  homblendic  and  whitish  quartzose  laminae,  which  beds, 
II  exposed  on  the  sides  of  a  bum,  are  rolled  over  and  over  into 
numerous  contortions,  with  dips  both  to  the  S.W.  and  N.E.  These 
strata  are  every  here  and  there  diversified  with  protrusions  of  highly 
ayitallino  hornblende-rock,  in  parts  a  greenstone,  which  rise  in  largo 
nnmd  masses,  or  are  distributed  in  geodcs  and  layers.  The  abun- 
dinoe  of  iron  in  this  rock  occasions  the  decomposition  of  its  surface 
into  holes  and  irr^ular  cavities;  and  numerous  masses  so  honey- 
combed strew  the  edges  of  Loch  Morsgail. 

In  the  hills  of  Scsdaval,  all  the  gneiss,  whether  quartzose,  horn- 
Uendic,  or  felspathic  (more  rarely  micaceous),  has  again  the  direc- 
fon  fix)m  N.W.  to  S.E.,  or  to  points  slightly  deviating  therefrom. 
^  same  is  seen  in  the  mountainous  masses  along  the  shores  of 
I<och  Langabat,  where  the  N.E.  or  S.W.  inclination  of  the  beds  is 
BtroQgly  contrasted  with  the  great  transverse  fissure  occupied  by  that 
long  sheet  of  fresh  water,  which,  on  the  contrary,  is  parallel  to  the 
geographical  axis,  t.  e,  N.E.-S.W.,  and  therefore  nearly  at  right 
togles  to  the  strike  of  the  ancient  strata  of  gneiss.  In  short,  the 
iheaomenon  of  the  trend  of  the  hills  and  valleys  on  the  actual  con- 
gnration  of  the  surface  being  transverse  to  the  original  direction  of 
^  strata  is  as  strikingly  exemplified  in  the  Lewis  and  Harris  as  it  is 
I  the  Harz  and  other  masses  of  rock  on  the  continent  of  Europe  f. 
Such  contrasts  between  the  original  direction  of  the  layers  of 
iposit  and  the  gec^raphical  outline  of  the  islands  are  also  strikingly 
splayed  where  the  low  and  moss-covered  hills  of  the  Lewis  rise  into 
A  mountains  of  Harris. 

Passing  from  Loch  Seaforth  into  the  rocky  glens  of  Yickadcll  and 
ialadeU,  and  under  the  fr*owning  steeps  of  Craig  Arig,  the  Clishan, 
oolan  Gorran,  and  Scorso  Scaladcll,  the  highly  ciysttiUinc  gneiss 
ere  quartzose  and  grey)  still  ranges  from  N.W.  to  S.E.,  and  dips 
ther  to  the  S.W.  or  N.E.  J 

*  Quart  Joom.  Geol.  Soc.  toI.  xvi.  p.  216. 

t  See  Quart.  Joum.  Geol.  Soc.  vol.  xi.  p.  440,  and  <Siluna.'  1859,  p.  414. 

X  Theic  fflcns  of  Harrui,  radiatinff  from  loRy  and  steep  mountains,  aflbrd 

lendid  endeooea  of  glacial  action,  weir  moutlis  and  flanks  being  studded  with 
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In  numerous  places  the  strata  nrc  strikingly  interfered  ^nth  by 
iutiusinus  of  irrauite,  jjs  well  as  by  homblende-rock  and  gn*ibt<jm.'. 
In  one  tnut  only,  liowever,  that  fell  under  our  observation  docs  gra- 
nite occupy  so  (dusidcrable  a  surface  as  to  bo  entitled  to  a  place  in 
our  f'orthcouiin^  sketch-map  of  Scotland, — a  feature  unnoticed  by 
^facculloch  and  othiT  j|:cologist8.  This  mass  of  granite  comes  out 
al  Dalbe^,  on  the  west  c^uist  of  Ix^iRns.  There,  whilst  the  hilb  of 
Haravas  r:iu,ii:e  in  jj^cographieal  outline  from  N.K.  to  S.W.,  the  granitic 
ridj^o  is  i)i-otru(led  from  them  to  the  coast  on  the  north-west,  and  is 
thus  shown  to  conform  in  its  direction  to  that  of  the  main  mass« 
of  the  ancient  <rneiss.  This  granite  is  coarse-grained  and  of  variuns 
colours  (llioiijrli  the  prevailing  tint  is  red),  and,  containing  fekjor, 
(piartz,  and  mica,  is  entirely  free  fix>m  hornblende.  As  veins  of  this 
frrauilc  traverse^  the  gnei8Sos<j  rocks,  it  is  evidently  of  later  origin, 
than  the  dc])osition  of  the  gneiss. 

1)(  sicks  the  usual  varieties  of  gneiss,  whether  consisting  of  larcn, 
(»i'  (piartz  and  felspar  with  mica  or  with  hornblende,  wliite  hyaline 
<'r  iliutv  cpiarlz  is  occasionally  seen  in  the  formof  laj-ersof  Iwthpink 
and  white  colours,  sometimes  presenting  the  appearance  of  having? 
hecTi  injected  amid  the  layers  of  gneiss,  in  the  same  manner  afc= 
tlie  numerous  granitic  veins.  In  some  places  the  laminated  m3 
bedded  gneiss  h;is  undiu'gone  gix-at  deeomj)osition,  as  at  Garrabort^ 
in  the  i)romont')ry  of  Eye.  lliere,  near  the  entrance  of  the  Chcmica- 
W'orks*  under  the  direction  of  Mr.  Paul,  the  gneiss,  consisting  o2 
line  layers  of  (puirtz,  felspar,  and  mica,  has  been  so  affected  bj" 
atuios])heric  influences  as  to  exhibit  the  folbm-ing  app<*arances« 
The  felspar  having  decomiK^sed  and  passed  into  hea]>8  of  clay,  the 
quart z-graius  and  the  llakes  of  mica  remain  in  the  form  of  a  frame- 
work which  might  pass  for  an  incipient  band  of  soft  ordinary  mica- 
ceous sandstone  formed  on  the  shore  of  the  present  sea.  Again,  the 
felspar  of  i\w  old  gneiss  contains  a  considerable  admixture  of  lime. 
and  hence  it  affords,  on  d(^comi)osing,  not  merely  good  clay,  but 
uuicli  ( arhouate  of  lime  in  solution.  Thus  detached  fragments  of  th« 
overlying  couglonuMtite,  of  which  we  are  about  to  speak  as  seen  oi 
either  sidi^  of  the  bay  of  I^och  Tua,  over  which  the  water  trickle 
down  from  the  decomposing  gneiss  to  the  shore,  as  well  as  thi 
ixhhles  and  shells  of  the  present  bay,  are  bound  together  on  tht 
slo])es  of  the  clifl's  and  on  the  sea-shore  by  the  cementing  carbonat 
(d'  linu',  and  fonu  a  hard  calcareous  grit  and  conglomerate.  Befor 
we  (piit  the  consideration  of  tliis  fundamental  British  rock,  as  seen  ii 
the  outer  Hebrides,  wo  would  beg  our  readers  to  consult  the  variou 
chapters  of  Dr.  !^racculloch  in  which  lie  dwells  upon  the  dull  am 
monotonous  character  of  the  gneiss  in  all  this  range  of  islands,  as  oca 
trastod  with  the  descriptions  of  the  same  author  of  his  so-called  gneisi 
(^f  i  ntvrior  port  ions  of  the  mainland.  Por,  although  he  grouped  varioa 
and  dissimilar  rocks  in  the  family  of  gneiss,  and  gave  no  proo&  a 

.Htu])en(loiis  cmitic  blocks.    The  hillti  of  tlie  LewiH  are  too  low  to  have  been  tbf 
scats  of  'J  aiicrs :  unci  on  tliut  northcru  ^Hirtion  of  the  islaud  erniticB  are  soarodj 

to  Ik*  ihMovcnil. 

*  b«>r  till-  rliMiliatioii  of  bituincu  from  peat. 
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their  true  saccession,  he  had,  even  in  his  day,  so  faithfully  delineated 
tbe  essential  mineialogical  distinctions  between  the  gneiss  of  the 
Weetem  Isles  and  that  of  largo  tracts  of  the  mainland  on  the  east,  as 
to  prepare  the  way  for  those  who,  like  ourselves,  have  worked  out  the 
pnofs  of  a  dear  order  of  superposition.  Combining  these  proofs  of 
saneflsion  with  the  manifest  distinction  in  the  lithological  structure 
of  the  two  classes  of  rock,  we  are  of  opinion  that  no  geologist  can 
eoofoand  the  Laurentian  or  fundamental  gneiss  with  the  so-called 
gndsB  of  the  superior  crystalline  schists,  which,  instead  of  being  a 
massive  homblendic  and  granitoid  rock  like  the  first-formed,  is,  on  the 
whole,  a  flag-like,  micaceous,  and  quartzose  deposit  of  very  diflfercnt 
duncters. 

Although  we  have  not,  like  Macculloch,  traced  the  persistence  of 
this  same  Hebridian  or  Laurentian  gneiss  through  all  the  isles  where 
it  abounds,  we  have  observed  it  in  the  Isles  of  Bona  and  Haasay.  It 
fonns  the  whole  of  the  former  island,  and  the  northern  end  of  tho 
latter  at  Castle  Brochel  in  Baasay ;  it  is  overlain  by  Cambrian  shales 
Bod  sandstones,  which,  towards  the  south  end  of  the  island,  are  re- 
placed by  coarse  conglomerates,  well  seen  in  tho  watercourses  south 
of  the  road  from  Baasay  House*  to  the  eastern  shore,  as  well  as 
akmg  the  clifis  of  the  opposite  Island  of  Scalpaf. 

Cambrian  Conglomerate  of  tlu  Lewis. — With  the  exception  of 
npei^cial  accumulations  of  sand,  clay,  or  pebbles,  the  island  of 
I«wis  offers  nowhere  any  deposit  overlying  the  ancient  gneiss,  except 
an  old  conglomerate  composed  exclusively  of  fragments  of  that  rock, 
ttaociatcd  with  a  few  sandy  layers.  These  beds  are  exhibited  at  in- 
tcirals  on  both  sides  of  the  Bay  of  Loch  Tua.  They  are  made  up  of 
P^hles  of  the  older  gneiss,  varying  from  the  smallest  size  to  boulders 
luger  than  any  among  the  Cambrian  rocks  of  the  mainland :  their 
^wicolate-red  colour,  precisely  that  of  the  sandstone  strata  of  Suther- 
^  and  Boss,  is  probably  due  to  the  extensive  decomposition  of 
^  iron  of  the  homblendic  masses  which  prevail  in  the  subjacent 
(Qeias. 

Ab  this  conglomerate  is  unknown  in  the  Lewis,  except  upon  tho 
ieadlands  and  bays  east  of  Stomoway]:,  where  it  is  exactly  opposite 
0  the  Cambrian  conglomerates  and  sandstones  of  the  mainland  of 
ioss-shire,  which  also  are  formed  exclusively  out  of  the  subjacent 
ottom-gneiss,  and  dip  away  to  the  west,  as  if  passing  to  tho  Lewis, 

*  Mr.  (leikie  has  explored  and  mapped  the  geology  of  Baasay,  witli  reference 
pedally  to  its  Oolitic  strata,  and  hopes  soon  to  be  able  to  lay  the  results  before 
B  Society. 

t  In  a  new  sketch-map  of  Scotland,  now  in  course  of  preparation,  we  hayc 
aresented  the  Isles  of  Turee,  Coll,  and  lona  as  composed  essentially  of  Lauren- 
n  flxieiss,  not  only  because  they  are  identified  with  the  gneiss  of  the  Long 
and  }sj  the  minute  description  of  Macculloch,  but  also  from  the  independent 
tuDonv  of  the  Duke  of  Amrll,  who  lately  visitod  his  property  in  Tiiee. 
ioaNs/oAXy  well  acquainted  wim  the  character  of  the  so-called  gneiss  of  Argyll- 
n,  mere  granites  and  intrusiye  rocks  equally  abound  as  in  the  Hebrides,  his 
■oe  eo  recognized  the  striking  lithological  disdndion  between  the  two  classes 
rock,  that  he  declared  to  us  that  no  such  gneiss  as  tliat  of  Turco  exists  on  the 
inland. 
\  The  lighthouse  and  part  of  Stomoway  stand  on  this  conglomerate. 
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there  can  be  litUe  dodbt,  in  onr  opinion,  Oat  tte  LidU 
formed  the  western  or  ihove-Bda  ot  an  eoctenmro  teoig^. «(« 
of  the  same  age,  the  oentnl  poctians  of  wlndi  aie  flovml 
waters  of  the  bnMd  cbumal  of  the  IGnolb 

On  the  mainland,  indeedf  fben  are  deokm  piooli  tti 
sandstones  and  eonglanaanitea  are  o(  ^^>»**^*»^*»  a9a»  baoMMal 
clearly  surmountod,  as  shown  ia  pre?iwia  mmnaam,  hj  atn 
taining  Lower  Siluzka&BBb.  In  ue  Lowia,  hofwetar,  whan 
no  upward  seqnonoe,  the  inlteanoeiliaiihey  are  of  the  aane 
age  must  rest  upon  the  Cult  of  thflirhsmgniMbnpesoInif^ 
Laurentian  gneiss^and  on  tiba  appeannoetibaypnwntof  ham 
a  portion  c^  the  same  great  nnge  of  red  uid  ohoookta-i 
sandstones  whioh  oooopj  the  opjponts  headbnda  of  Boaa  aod  i 
land.  At  the  same  time  it  ia  nfjtA  to  state  that  the  aandy  1 
tercalated  in  the  conglomaratea  of  the  Btomoway  hfiadlandi 
infinitely  less  coherent  than  the  red  aandatone  of  the  maiiih 
the  thin  courses  of  sand  in  the  Lewiaian  beds  are  nrd^  inti 
of  solid  stone,  but  have  nther  a  aoift  maily  shanoter)  Ihi 
doubt  must  alwaya  remain  aa  to  the  tnw  age  of  theae  inaoli 
posits.  It  is  the  more  essential  to  enter  thiaaatMol^beeanMti 
red  conglomeratea  at  Tarioos  plaoea  akng  the  weat  ooaat  of  i 
(as,  for  example,  at  Oban),  the  agea  of  irtiioh  are  abo  inaa] 
rigorous  demonstration^  mm  the  aifaaenoe  of  anj  oifarlyu^g  da 

The  conglomerate  of  the  Lswia  ia  ent  thno^  bj  ^fhea  o^ 
stone,  whidi  haye  a  direotion  ftom  H.  by  W.  to  8.  bgrK,  and  i 
exposed  on  the  noflrthem  fcee  oj  the  headlaiid  of  the  Eye.  C 
ing  some  olivine,  theae  djkea  of  grsenatone  ha;fe  pcodneed  a 
effect  on  the  conglomerate  thren^  iriueh  thaj  mi^  aa  aesn 
sides  of  the  diffii.  Flanked  on  eithar  side  by  a  thin  <«  Bahttii 
Lydian  stone  which  aepantea  tibe  grsenalone  ftom  the  eoi 
rate,  the  latter  is  for  a  yard  of  a  whitiah  ooloarjr-^he  red  aj 
the  rock,  as  due  to  the  nnaenoe  of  iron,  ha\'ing  bc^n  drivetuj 

Laurentian  Ondu  of  the  Mmnhnd  m  Eass-shire. — ^I>e^ 
have  previously  been  given  of  the  chanicteF  uf  tho  dder  fl 
Sutherland,  where  it  nsoaUy  tamw  low  htadlirnds  on  the 
deep  bays,  and  is  unoonfiinnaUj  Bunnountcd  bj  mountainoil 
of  Cambrian  Sandstone.    Thid  same   ro^ks,  extending  mod 
along  the  western  shore,  expand  largely  in  Eoss-eMre.  u&  &xh 
Gairloch  and  on  the  aidiesof  Lodh  TorridoD,  as  we[l  jid  ou  thi 
side  of  the  long  freshwater  Looh  Maroe.    On  the  right  banl^ 
Marce  this  gneiss  oontaina  both  limc^^tatie  and  irongtoue,  wh 
in  bands  regularly  intentntified,  and  which  Imve  thu  no: 
of  these  ancient  beds,  aa  in  the  outer  Hebridoe.    Thi» 
N.W.  to  S.E.  is  therefore  panllel  to  the  great  depression 
by  the  water  of  Lodi  Maxee.    In  no  portion  of  the  Nortr 
Hig^ilands  is  there  a  tract  vhioh  more  completely  exhibita 
tire  independenoe  of  this  lanrentian  gneiBsi  of  all  those 
deposits,  also  tanned  gnaias,  with  which  Tn>t  Niool  boa 
sought  to  identify  it,  both  in  hi^  (ieoIujurJciiJ  ^Inp  of  l^-oi 
in  his  memoir  read  befae  tha  Geological 
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on  Bpedal  attention^  not  only  to  the  N.W.  strike  of  the  beds  of  this 
fimdaitncntal  rock,  as  contrasted  with  the  north-easterly  strike  of  the 
ctttem  rocksy  bnt  alsoto  the  marked  distinctions  in  lithological  com- 
podtioii  between  it  and  any  of  the  overlying  masses. 

The  older  gneiss  which  ranges  along  the  north-eastern  side  of 
Lodi  Maree,  and  rises  in  some  places  to  several  hundred  feet  above 
the  witer,  is  onmistakeably  the  same  hard,  massive,  and  highly 
oyvtaUine  rock  as  elsewhere  in  the  outer  Hebrides  and  the  coast  of 
Sotheiiand.  At  several  places  it  exhibits  subordinate  layers  of  fine 
•dustoee  hmestone,  which  above  the  House  of  Letter-Ewe  is  encased 
in  dark-grey  gneiss  (fig.  1),  occasionally  schistose,  with  white  quartz- 


1. — Section  across  Loch  Maree  at  Letter-Ewe, 


Z^IZHttb 


a.  Ghieiss.  a*.  Schietofle  limestone. 

b.  Camlnian  sandstone  and  oonglomerate. 
e.  Quarts-rock. 

^*^.  This  limestone,  which  has  been  quarried  by  the  proprietor  on 
^H  sides  of  the  torrent  Fuolish,  is  for  the  most  part  a  whitish  or 
^^^n-colourod,  scaly,  fracturing  rock,  and,  though  here  and  there 
-^^  with  earthy  greenish  schist  and  gneiss,  it  is  in  parts  a  bril- 
^t  snow-white  saccharoid  marble.  Whether,  therefore,  we  look 
its  composition,  or  to  that  of  the  enveloping  gneiss,  this  limestone 

^  distinct  as  possible  from  the  dull  grey-and- white  limestone, 
^ch,  subordinate  to  the  quartz-rock  and  overlying  series  of  strata, 
'^  also  a  totally  discordant  direction.  The  one  rock  must  therefore 
^Ve  been  formed  long  ages  before  the  other. 

In  the  sequel  we  will  endeavour  to  show,  when  explaining  the 
^tailB  of  another  section,  that  it  is  physically  impossible  that  this 
^urentian  gneiss  of  Loch  Maree  should,  by  any  great  upheaval,  be 

placed  as  to  lie  conformably  upon  Lower  Silurian  limestone  and 
laitx-rock  to  the  west  of  Kmloch  Ewe.  In  the  mean  time  we 
ould  point  to  the  geological  map  of  Professor  Nicol,  to  indicate  a 
riotis  erratum  as  to  the  direction  of  this  limestone,  which  occurs  in 
le  gneiss  of  Loch  Maree.  It  is  therein  represented  as  directed  from 
JR.  to  8.W.,  and  therefore  as  passing  across  to  the  8.W.  side  of  the 
dkk*.    If  this  were  correct,  some  persons,  who  have  not  visited  the 

*  Pro£  Niool  has  here,  and  in  many  other  portions  of  his  map,  followed 
jKsoiiUoelL 


tract,  might  be  led  to  belienro  fluit  flds  lower 
to  the  gneiss  on  the  SJB.,  mm  iErulr  piit  mi  psnial  otllit « 
scries  of  deposits  as  the  rodkB  on  m  EkK ;  for  ia  flul  OHt  -Ai 
would  only  have  to  imagiiie  the  mtarveatioii  of  &  Mbofrnkn^M 
But  the  plain  fact  entirely  ofYorttiiowt  this  hm/Qimm.  Jkb  M 
or  gneissoso  limestone  trends  zeetngulaiiy  totae  dnwtionvlddkt 
been  assigned  to  it,  and  henoe  h  omiot  (beiag  &  true  bed)  tam 
the  loch  as  represented.  In  Hut,  iliere  le  no  tnee  of  HniHlaMi 
the  left  or  S.W.  bank  of  lodh  Mezee,  tiboa^^  at  some  nnke  dMa 
in  Gairloch,  and,  again,  sidxndiaate  to  the  niortih-webtadj  sbib< 
the  Laurentian  gneiss,  another  fhin  oomee  of  fimeetone  bee  le 
detected,  and  partially  worked.  In  ahort»  between  Locdh  Mnni 
the  sea-board  at  Gairloeh,  wberefor  the  timdcu&cntal  gnom  ism 
covered  in  low  masses  beneath  tiie  mperjaeeat  mas^os  of  Cambtif 
sandstone  (the  highly-inclined  strata  being  adujimblj  exposed 
the  gorge  wherein  the  Biver  Keny  forme  the  pichire-sque  Fa^ 
Andresy),  the  persistenoe  of  tiie  H,  w »  Btriko  is  clearly  maintiuned 

Again,  near  Shieldag,  and  at  the  heiidlands  on  either  mdc  of  tj 
mou&  of  the  maritime  LoohTonidon,  m  seen  at  the  Point  of  Gr^ 
and  extending  up  the  lodh  westwaxde^  th<^  Laureatian  gneiss  hm  tl 
same  north-westerly  strike  as  in  Lodh  Harcc;  and  Oairloch,  in  Suthc 
land,  and  in  the  Lewis,  and  is  8ee»  dipping  sharply  to  the  ^^ 
wherever  its  eroded  edges  thin  off  into  low  hniumoe^s  tmdcr  ibe  sti 
pendens  and  mountainous  masses  of  the  Cambrian  satidstonc  forme 
the  rugged  overhanging  dlifb  on  both  shores  of  Loch  Tonidon. 

In  this  district  the  nndeilying  masaive  gneii^  m  perforated  ^ 
numberless  intrusions  of  granitoy  as  in  the  fiords  of  Suthexlanil,  t 
is  in  itself  undistinguishaMe  from  the  rocks  of  the  mmf)  age  wlii 
range  from  Cape  Wrath  to  Lodh  LiTtr*.  It  is  tht  refojrts  we  repci 
most  easily  distinguished  by  its  genorol  aspoct  &nd  stnictTire  i^ 
the  overlying  flag-like  lodks  with  whioh  it  ho^  t>&&n  confounded* 

II.  Gambbiait  SuoMion  Aivn  CoNoi/mERATE. 

In  former  memoirs  these  roeks»  particularly  as  they  oe4*ar 
Sutherland,  have  been  so  flilly  dsBcribed,  whether,  m  tormm 
under  the  misnomer  of  Old  Bed  Sandstone,  subsecfuently  by  F 
fessor  Nicol  as  simply  Bed  Sandstone,  or  by  ono  of  u§  as  Cambti 
that  on  this  oecasion  we  need  only  advert  to  thcsm  in  thoij-  proL 
gation  through  BossHBhiie  from  tibe  north  of  Loch  Broom 
N.N.E.  to  ApplecroBS  on  the  SJ3.W. 

In  this  tract  these  rooks  lange  from  about  sisty  mil<»  tn 
and  over  an  average  width  of  not  leea  than  twenty  mileSf  ami' 
clusters  of  mountains  varying  team  1500  to  3500  feet  above  the  { 
their  lowest  beds  being  seen  in  nnmerous  places  to  r&pose  on 
Laurentian  or  fdndamental  gneiss.  The  promontories  on  both  m 
of  the  marine  Bay  of  OaidMh,  as  well  m  iha  noble  mountaiiii 
Applecross,  consist  of  slightly  ineSned  masie^  of  thin  ohoeoJi 
coloured  sandstone,  which  them  d^  very  |i:ently  seawnidt*  &10111 
the  older  gneLss,  or  to  the  WJBT.W.  In  foUowlDg  the«e  snsm  ro 
*  Quart  Jonm.  GsdL  Bo&  voL  sr.  p^  361 ;  mid  vol  xii  p. 


] 
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towards  the  interior  of  Ross-shire,  their  lower  bods,  particularly  on 
both  sides  of  Loch  Maree,  either  consist  of  conglomerates  made  up 
exdusiyely  of  the  gneiss  on  which  they  rest,  including  much  white 
quartz  and  felspar,  or  they  are  very  coarse  grits,  which  pass  upwai-ds 
into  the  fine  sUiceous  chocolate-coloured  sandstone.  This  junction 
of  the  lowest  beds  of  the  Cambrian  is  well  exposed  on  the  N.E.  side 
of  Loch  Marce,  on  the  sides  of  the  Haasach  Stream,  and  particularly 
at  the  base  of  the  lofty  mounts  Sleugach,  which  is  essentially  a 
Cambrian  rock.  There  the  fundamental  gneiss,  in  low  headlands, 
dips  S.W.  at  70°,  and  the  overlying  sandstone,  at  10°  to  12°,  to  the 
E.byN. 

Again,  on  the  opposite  or  western  side  of  Loch  Maree,  where  the  rod 
and  chocolate-coloured  sandstone,  covered  by  gorgeously  rich  thickets 
of  fern,  heather,  and  grand  old  Scotch-firs,  approaches  the  older  gneiss 
of  Qairloch  on  which  it  rests,  the  basement-strata  become  first  coarso 
and  gritty,  and  then  form  here  and  there  pebbly  conglomerates. 

Prom  the  western  shores  of  Loch  Maree  this  Cambrian  sandstone 
rises  into  a  noble,  lofty  group,  some  of  the  summits  of  which,  being 
capped  by  whitish  Lower  Silurian  quartz-rock,  have  led  the  natives 
to  style  these  moimtains  "Ben  Too  leach,"  or  "  the  Grey  Heads." 
I^Mking  from  the  hills  east  of  Loch  Maree  to  these  mountains  on 
the  west,  which  range  firom  Ben  Eay  by  Koostag  to  Bon  Alligen, 
^^  the  south  side  of  Loch  Torridon,  the  spectator  has  within  his 
^^uaoD  massive  mountains,  whose  summits  range  from  3000  to  3500 
feet  above  the  sea.     Now,  all  the  strata  of  this  mountain-group, 
^hieh  cannot  on  the  whole  be  estimated  as  having  a  less  thickness 
*^an  7000  or  8000  feet,  and  which  rest  in  unconformable  positions 
^n.  the  Lauren tian  gneiss,  are  on  numerous  summits  capped  by  un- 
conformable strata  of  quartz-rock  with  subordinate  limestone.     In 
^•t,  the  Cambrian  strata  undulate  in  such  slightly  inclined  positions 
**  ^dom  to  exceed  12°  or  15°,  whilst  the  subjacent  gneiss  and  the 
^^erlying  quartz-rock  are  frequently  highly  inclined.     These  Cam- 
^'^  rocks,  whether  inclining  gently  to  the  W.N.W.  or  to  the 
^•^.E.,  constitute  therefore  a  thick  series  of  intermediate  strata, 
JJ'Mch  are  quite  unconformable  both  to  the  rocks  beneath  and  to 
^<^  above  them. 

In  striking  contrast  to  these  unconformities,  we  shall  presently 
Wut  out  that,  along  a  frontier  of  many  miles  in  length,  the  geolo- 
^t  has  no  sooner  passed  over  the  fundamental  gneiss  and  the  Cam- 
hrian  sandstone,  and  marked  the  transgressive  junction  of  these 
f*cks  with  each  other  and  also  with  the  overlying  quartz-rock,  than 
*^  meets  thencefonvard,  in  all  the  great  overlying  crystalline  masses, 
^th  a  perfect  conformity  of  direction  of  all  the  strata  to  each  otlier ; 
•*^A  that  (omitting  a  few  spots  where  local  dislocations  have  oc- 
^*^>"wd)  there  exists  a  perfect  ascending  order  from  the  Lower  Silurian 
^I^^Arta-iocks  and  limestone  into  younger  and  higher  mosses  of  mica- 
*^©o^,  quartzoee,  and  chloritic  rocks  (including  occasionally  a  younger 
^^ias),  not  merely  in  the  North-western  Highlands,  but  also  in  the 
^^thorn  Highlands,  including  the  Isles  of  Ishiy  and  Jura,  and  the 
^'Uitics  of  LoLvenicsSy  Argyll,  Perthshire,  &c. 


ni.  Sirocxasiair  or  Lowsb  Bnmux  Qdj 
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1.  SHAttbmd  to  a«  Jfb  ofSk/fL 

In  a  fonner  paper,  the  raocoMon  of  Lower  Marian  ma 
and  limestones  upcxa  Oambrian  saiMkicaaa  wia  tnoed  totte 
confines  of  the  oomty  of  Boflwrianil.  In  Ae  pwaent  m 
propose  to  take  up  the  Hneawlurt  fhejinefeaMB  kd^i 
them  southwaids  fluoii|^  1?nM  ihiro  into  Shya. 

Crat^r-an-ZfUM^iMw— The  enonDona  eoaarpnient  of  'Bami 
ranges  southward  from  Tndinailaniif  beeomea  leoi  in  tta  ac 
progress,  owing  to  a  gfadual  thinning  cwaj  of  the  eakanoi 
The  general  saooeaaian,  hawmv,  nmaina  the  oama.  Tk 
are  well  shown  at  the  wateraomae  vfaiflh  difidaa  the  ^aoi 
Sutherland  and  Boaa,  where  it  poina  over  the  6BM  of  C 
Knochan.    This  difl^  here  from  00  to  100  tefe  hifj^  ia  ft 


the  escarpment  of  the  limeatoney  and  diowa  akng  the  i 
a  clear  section  of  tihe  atrala.  The  toftd  whidi  witi  ila  1 
upon  the  white  qnarti-rook  that  atratohea  waaiwaid,  aonai 
valley,  and  then  aacanda  fbr  aome  way  up  the  ndea  of  Oo 
an  enormous  denuded  numntain-niaaa  of  gently  JneKned  ( 
sandstone.  The  white  qoazta-nek  ia  aoimonnted  by  1 
beds  containing  fbooid  impmnona,  theee  agttn  by  a  T 
quartz-rock,  abo?e  whidli  oomea  a  thiek  white  ! 
to  the  summit  of  the  eHB,  lAece  it  bqpna  to  dope  bdow  i 


Fig.  2.-«^SMion  «l 


CoulMon. 


6.  Cambrian 
e>.  QuartsK-xook. 
(T*^.  Fuooid-bed. 

micaceous  beds,  the  whde  dming  E.  or  SJELB. at  10^- tali 
details,  of  courae,  vanr  conaidenuily  eran  in  the  < 
yards;  but  the  geneim order  remaina Ilia aanie^  tte 
r^:ularly  ioteroalated  between  a  leriei  of  white 
and  a  set  of  qnartnae  aduati  (  ^  the  Ufjpar 
piqpers)  above. 

This  order  oantinnea  to  be  obaarraUe 
Httle  to  the  aooth-eaat,  OKoadng  the 
bdow  a  seriea  of  londy  pi0antdn-*tBa%  a|^ 


1861.]  xvBCHZsoir  ahd  gbisis — hiohlakds.  181 

re  reach  Dramdrynie,  about  a  milo  and  a  half  to  the  south.  The 
cliutose  series  which  covers  the  limestone,  however,  is  well  ex- 
ibited  along  the  roadside.  It  consists  of  quartzose,  micaceous, 
■lie,  and  flaggy  strata,  to  different  parts  of  which  the  terms 
mtx-rock,  grit,  or  mica-schist  might  be  correctly  applied.  The 
matl  dip  is  a  gentle  one  to  the  E.  or  E.S.E. ;  and  as  the  road  quits 
he  k>ehs  and  winds  along  the  west  side  of  a  broad  valley,  the 
tnta  can  be  seen  to  the  east,  rising  terrace  over  terrace,  with  the 
keep  fronts  facing  the  west,  and  the  sloping  declivities  dipping 
Mtward,  like  their  component  strata. 

Dntmdrynie, — At  Drumdrynie  Cottage,  which  lies  on  the  west 
ide  of  the  road  between  Inchnadamff  and  Ullapool,  the  limestone 
gnu  appears.  Here,  too,  it  is  clearly  interpolated  between  a  lower 
urti-rock  and  an  upper  quartzo-micaceous  series.  It  is  seen  on 
he  gentle  ridge  behind  the  cottage ;  thence  it  descends,  crosses  the 
tnim  and  the  road,  and  keeps  along  the  roadside  as  a  terrace  or 
nupment  similar  to  that  of  Oraig-an-Enochan,  but  greatly  lower, 
lie  mocession  can  be  studied  with  advantage  in  the  stream,  and 
ha  along  the  roadside  for  fiilly  two  miles,  where  the  following 
Ntion  is  observable : — 


Fig.  3. — Section  South  of  Drumdrynie  Cottage, 


h.  Cambrian  eandetone  and  oonglomerate.        d',  limeetone. 

c*.  Quarte-rodL  d.  QneiaeoBe  schists. 

The  strata  which  repose  upon  the  limestone,  when  traced  across 
^  hill  to  the  fiarm-house  of  Langwell,  are  seen  to  be  frequently 
fitted  into  crumpled  laminee,  often  highly  micaceous.  They  gra- 
late  upward  into  dark-grey  or  greenish  flaggy  beds,  which  at  one 
&e  might  be  called  gneiss,  at  another  mica-slate,  at  a  third  clay- 
ite ;  but  by  far  the  most  abundant  material  in  their  composition 
quartz.  ^Oiey  are  well  exposed  at  the  head  of  Strath-Kennort,  a 
Mi  way  above  Langwell,  whore  the  river  bursts  through  a  narrow 
!ge  in  some  picturesque  cascades.  The  strata  here  are  dark  and 
istose,  with  a  mass  of  porphyritio  felstone,  running  parallel  to 
ir  strike. 

9irath'Kennort, — Strath-Kennort  is  a  vaUey  which  extends  in 
east-and-west  direction  from  the  maritime  loch  of  the  same 
ne  to  the  cascades  just  mentioned.  The  limestone,  after  ap- 
aching  within  a  short  distance  from  the  north  side  of  the  strati, 
ovt  under  the  herbage,  though  a  quantity  of  fragments  and  an 
kiln  may  perhaps  indicate  its  site  on  that  side.    On  the  oppo- 
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site  side,  however,  it  is  readily  apparent  by  the  bright  vei 
the  knoll  in  which  it  protrudes  into  the  valley. 

A  small  streamlet  has  laid  open  the  junction  of  the  lii 
(wliidi  is  here  of  much  greater  tMckness  than  where  last  see 
the  superjacent  beds.  The  main  mass  of  limestone  is  gn 
bluish-white  and  grey,  weathering  grey  or  yellow ;  but  thi 
part  is  white.  It  is  surmoimted  here  by  a  bed  eight  to  t 
thick  of  wliite  quartz-rock,  which  dips  below  a  series  of  schisti 
that  incline  to  E.  30°  S.  at  2(P.  The  band  of  quartz-rock  t 
greatly  towards  the  N.W.,  and  is  marked  by  veinings  of  sei] 
Tlie  schistose  series  is  of  various  shades  of  green,  grey,  oi 
micac<3ous  and  quartzose,  the  laminaa  being  much  contorted. 

The  strike  of  the  strata  carries  them  obliquely  up  the  » 
side  of  the  strath ;  and  we  can  mark  that  in  their  progress  tl 
stone  rapidly  thins  off,  while  its  overlying  band  of  qnai 
thickens  in  a  corresponding  way.  About  a  quarter  of  a  m 
of  the  cascades  formed  by  the  descent  of  the  waters  from  i 
of  small  lakes  into  the  strath,  a  fault  has  thrown  the  lii 
150  or  200  feet  down  the  face  of  the  diff.  At  the  top 
c.scaii)meut,  resting  on  the  great  lower  white  quartz-rock,  th 
stone  is  again  seen,  but  rapidly  diminishing  in  bulk,  until,  ii 
yellow  knobs  half-buried  in  the  long  brown  bent,  we  lose  tra 
altopHother.  After  a  short  distance  we  meet  with  another  I 
limestone  along  with  a  series  of  shales  and  sandstones.  The 
here  displayed  is  partly  obscured  by  a  morass,  and  partly  by  i 
which,  however,  since  it  ti-averses  the  strike  of  the  beds,  pi 
does  not  materially  affect  the  order  given  in  the  annexed  figu 

Fig.  4. — Section  of  South  side  of  Strath-KennorU 


c.  Quartc-rock  and  a  band  of  limestone. 

d,  Gneissose  icfaisto  induding  a  bed  of  limestone. 

From  the  frequent  thick  covering  of  peat  and  heath,  it  wt 
ficult  to  determine  the  course  of  the  limestones.  The  beds  be 
the  seams  appeared  to  grow  more  calcareous,  until  the  who! 
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)  one  thick  limestone  resting  on  quartz-rock,  and  dipping  below 
flaggy  beds.  This  limestone  follows  a  curved,  sinuous 
ine  across  the  hilly  ground  to  Loch  Auchall,  now  seeming  to  dis- 
ppear  beneath  the  vc^tation,  and  then  swelling  out  again  into 
nregnlar  lenticular  mounds  and  ridges.  The  curving  of  the  line 
f  strike  conforming  in  great  measure  to  the  contour  of  the  ground, 
bom  clearly  enough  that  there  is  no  great  line  of  fault  here.  The 
tnta  dip  to  the  south-east,  and  unequivocally  pass  under  a  superior 
m^  of  thin-bedded  micaceous  and  quartzoso  schists. 
Bdbre  quitting  Strath-Kcnnort,  it  may  be  well  to  mention  that 
Ids  deep  valley  affords  a  good  illustration  of  the  varieties  of  form 
nd  eolour  imparted  to  a  landscape  by  changes  in  the  character 
fits  composing  rocks.  Standing  at  the  lower  opening  of  the  strath, 
Dis  8(mibre  and  brown.  The  dull-red  Cambrian  sandstones,  hoary 
ith  lichens,  project  their  rounded  edges  out  of  a  shaggy  mantie 
f  dan  heather  and  stunted  bent.  Further  up  the  glen,  however, 
W  the  quartz-rock  descends  upon  the  slopes,  masses  of  snowy 
ig  stand  out  from  the  dull  herbage.  Beyond  this  a  bright-green 
soil,  protruding  from  the  brown  hillside  into  the  browner  valley, 
iveaJs  the  presence  of  the  limestone,  while,  far  away  at  the  head  of 
le  strath,  dark  crags  and  grey  scars,  rising  terrace  over  terrace, 
ith  still  the  same  dull  heath  between  and  above  them,  show  whero 
^  upper  gneissose  beds  have  begun  to  set  in. 
Loch  Auchall. — The  sections  in  the  deep  gorge  of  the  Auchall, 
om  the  lake  to  the  sea  near  Ullapool,  afford  a  clear  exposition  of 
«  order  of  succession.  They  have  been  well  described  by  Pro- 
Kor  Nicol*;  and  we  cannot  resist  quoting  a  passage  from  his 
cinoir.  "  On  the  steep  slope,"  he  says,  "  first  the  limestone  crops 
t,  then  the  serpentine,  and  above  all  the  gneiss,  forming  tho 
namit  of  the  hill,  where  it  dips  at  10°-15°,  S.  30°  E.,  though 
th  slight  undulations.  The  rocks  may  be  traced  round  the  south 
^  of  the  hill,  placing  their  relations  to  each  other  beyond  all 
i^H.  A  vertical  section  through  the  summit  would  pass  in  suc- 
loon  through  the  gneiss,  serpentine,  limestone,  quartzite,  and 
^bly  the  red  sandstone." 

Hie  limestone  in  this  section  has  attained  a  great  thickness.  We 
ioiat^d  it  at  somewhere  about  500  or  600  feet.  The  "  serpen- 
'"  of  Professor  Nicol  deserves  some  notice.  In  his  section  of 
h  Broom  he  has  represented  this  rock  as  a  bed  intercalated  be- 
en the  limestone  and  his  ''upper  gneiss."  And  this  is  un- 
btedly  its  true  position,  although  he  has  subsequentiy  endea- 
red to  explain  away  what  he  at  first  regarded  as  "  beyond  all 
^W*  hy  supposing  that  the  ''  serpentine  "  has  come  up  in  a  great 
of  fissure,  and  that  the  "  upper  gneiss  "  is  not  upper  gneiss  at 
but  the  old  Laurentian  rock  brought  up  by  a  gigantic  fault. 
he  rock,  as  seen  at  Loch  Auchall,  we  should  ccdl  a  porphyry,  or 
ihyritic  felstono  with  serpentine.  It  is  disposed  in  rude  beds, 
er  which  the  limestone  dips,  and  which  are  ranged  in  parallel 
^  dipping  in  the  same  direction  with  the  limestone.  Near  the 
*  Quart  Joum.  Geol.  Soc.  toL  xiii.  p.  21. 
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latter  rock  it  is  full  of  green  serpentine,  some  parts  < 
consisting  almost  wholly  of  that  mineral,  which  beoon 
less  abundant  away  from  the  limestone.  The  chief  con 
nerals  of  the  g:rcater  part  of  the  porphyry  are  pink 
scniitransparent  quartz,  the  latter  occurring  sometimes 
patches.  Lastly,  at  least  at  one  point,  the  quartz  and 
nules  are  distinctly  rounded,  and  the  rock  contains  numer 
pebbles  of  quartz  and  jasper,  some  of  which  are  as  larg 
ns  walnuts.  ITiis  same  rock  occurs  also  on  tho  shoi 
Broom :  and  the  section  there  laid  open  wiU  be  imm< 
scribed. 

Tlie  Upper  Gncissose  series  does  not  immediately  cov< 
stone,  owing  to  the  occurrence  of  this  felspathic  rock 
junction -line  is  still  further  obscured  by  a  thick  coveri 
matter,  liut  from  the  head  of  the  gorge  the  shelving  " 
series  can  be  seen  along  the  margin  of  Loch  Auchall,  1 
l)revalent  easterly  dip. 

Descending  the  gorge  of  the  Auchall  River  by  the  p 
cross  the  admirable  section  of  the  limestone,  quartz-rocl 
brian  sandstones  described  by  Prof.  Nicol.  That  geolo] 
tails  the  section  along  Loch  Broom  ;  but  there  are  some 
the  coast -lino  which  it  seems  ncessary  to  describe  here. 


Fig.  5. — Section  dloncj  the  North  side  of  Loch  Br 
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a.  Gneiss  d.  Chieiisoae  Bchista. 

/;.  Cambrian  sandBtone  and  oongloniorate. 
c^.  Quartz-roek.  *  SerpoutinouB  and  felspathic 

c^.  Limestone.  taining  pebbles  of  jasper. 

Loch  Broom, — The  town  of  Ullapool  stands  nearly  oi 
demarcation  between  the  quartz-rock  and  tho  subjacei 
siindstones.  Following  the  clear  natural  section  aloi 
road  from  Ullapool  to  the  south,  we  find  the  quartz-r 
marked  beds  dipping  E.  4°  to  10°  S.,  at  lO**  to  IS**. 
up])or  part  the  rock  assumes  a  pink  tint  in  altemal 
lighter  and  darker  shades.  Annolidc-burrows  are  nur 
it  is  worthy  of  remark  that  the  tubes  are  white  in  the  i 
i*ecalLing  the  aspect  of  those  in  many  parts  of  the  C 
rocks,  where,  from  an  under  surface  of  shale,  dark 
ascend  into  wliite  sandstone.  Alternations  of  argilL 
occur  among  the  quartz-beds ;  and  at  tho  bridge  of  Ai 
meet  with  the  limestone.  Here,  however,  it  is  only 
12  feet  thick,  and  dips  E.  30°  S.,  at  15°  to  20°.  It  is  . 
I>ed  of  what  Professor  Nicol  calls  "  serpentine  or  felspai 
which,  in  his  section  of  Loch  Broom*,  is  correctly  le 
*  Quart  Joum.  OeoL  Soo.  toL  xiiL  p.  22. 
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intentntified  between  the  limestone  and  a  higher  micaceous  series. 
He  has  since  endeavoured  to  invalidate  his  first  impressions  of  the 
kxiHty,  in  order  to  support  a  theory  subsequently  embraced  by  him, 
flttt  what  he  called  **  upper  gneiss "  is  really  the  lower  Lau- 
lentian  rock  brought  up  by  a  great  dislocation.  To  favour  this 
nplanation,  he  now  lays  stress  upon  the  eruptive  character  of  this 
poq^yiy,  and  seeks  to  show  that  it  has  come  up  in  a  line  of  frac- 
tm,  carrying  up  with  it  the  older  gneiss.  But  for  this  hypothesis, 
tbeie  is  assuredly  no  foundation  in  the  sections  so  well  exposed 
along  the  shores  of  Loch  Broom.  Prof.  Nicol's  first  reading  of  tlie 
gedogical  sequence,  from  which  he  has  since  so  widely  departed,  is 
tlie  correct  one,  and  so  palpable,  indeed,  that  it  could  not  easily  be 
uaed.  There  are  some  features  of  this  so-called  **  felspar-por- 
phyiy,''  however,  which  deserve  special  attention,  since  they  bear 
en  the  elucidation  of  the  nature  and  process  of  the  metamorphism 
of  the  Scottish  Highlands,  and  were  carefully  examined  by  one  of  us 
iloDg  the  sea-margin,  the  post-road,  and  the  intervening  ground. 

Where  it  overlies  the  limestone,  it  is  a  greenish,  quartzose,  ser- 

pntinous  rock.     Tracing  it  down  to  the  shore  and  along  the  lino 

of  low  cliffs,  we  find  the  serpentine  diminish  in  quantity,  its  place 

heing  taken  by  pink  felspar  with  a  plentiful  admixture  of  quartz^ 

gnmoles.    In  this  part  of  the  rock,  small  rounded  pebbles  of  red 

ji^  were  observed ;  and  a  dose  scrutiny  soon  showed  that  such 

pebbles,  along  with  others  of  white  and  pink  quartz,  were  abundant, 

I  inning  in  some  places  about  half  of  the  rock.    The  weathered 

*  Kilaoes,  owing  to  the  wasting  away  of  the  felspar,  exhibited  a 

^ndj  aggregated  mass  of  small  rounded  granules  of  pink  and 

white  quartz,  which,  in  not  a  few  instances,  were  arranged  rudely 

ia  rows  like  lines  of  stratification.     Along  the  shore-lino  this  rock 

^^  found  to  become  finer  in  grain,  until  it  passed  slowly  into  a 

'ed  sandstone,  hardly  distinguishable  from  that  of  the  Cambrian 

■^es,  save  in  its  paler  colour  and  more  metamorphosed  aspect. 

^  sandstone  is  followed  by  a  white  quartz-rock  very  crj-stal- 

^,  and  with  no  perceptible  trace  of  bedding,  though  clearly  itself 

■  ked  between  sheets  of  darker  material.     Above  ttie  quartz-rock 

*Oie  greenish  felspathic   and  serpentinous  rocks  with  oceasional 

J^^rtzose  patches,  the  whole  very  irregular.     These  are  succeeded 

V  a  white  and  greenish  serpentinous  quartz-rock ;  and  beyond 

^,  the  rocks,  stUl  serpentinous,  shade  off  into  quartzose  flaggy 

J^  with  a  general  south-easterly  dip.     These  range  south-eastward 

^  sereral  niiles  with  the  same  general  inclination,  and  are  in  every 

'•^^ect  identical  with  the  quartzose  and  schistose  series  already  de- 

'^bed  as  overlying  the  limestone  from  Assynt  to  Loch  Auchall. 

His  intercalated  band  of  so-called  "  felspar-porphyry  "  certainly 
J^  not  interfere  with  the  regularity  of  the  order  of  succession. 
7^0  do  not  r^ard  it  as  igneous  at  all,  further  than  the  gneiss  is 
^^^^toOB.  On  the  contrary,  the  greater  extent  of  alteration  towards 
^  limestone,  the  larger  amount  of  serpentine  in  the  proximity  of 
**^^iock,  the  abundant  rounded  granules  and  pebbles  of  quartz 
^iBgper,  the  passing  of  the  pebbly  zone  into  sandstone,  and  of  tho 
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Vvy^w  ril::}»<.»<)l  {he  ruad  skirts  tlie  shoro  to  the  head  of 
:ii.'.l  aln-iiiid--  ill  natural  a-;  we'll  as  (piarricd  scM-tions  of  th 
Tli«'  (|ii.iit/.iKv..'  liair^^y  schists  wliicli  overlie  the  metumoq«ho> 
and  tlie  limestone  liave  a  steady  dip  towards  the  south-east. 
I  o^  or  2« )° ;  sometimes,  however,  as  about  four  miles  soi 
I'llapool,  they  rise  to  50°  or  G0°,  but  immediately  subside 
tluir  wonted  f^oiitle  angle.  At  Fascrianach, about  oleFen  mi 
Ullai)ool  (the  first  stage  on  the  road  to  Dingwall),  thei 
admirable  section  both  along  the  wayside  and  in  a  deep 
j^orire  on  the  west  side  of  the  road.  The  strata  here  are  n 
quaitzoso  llaj«stoncs,  many  of  whieh  seem  hardly  at  all 
indeed,  we  instinctively  broke  open  the  fissile  plates,  half  li 
tind  l>»'tw(?en  them  some  fucoid  or  other  impressions.  The  < 
tlie  whole  south-easterly,  at  angles  of  not  more  than  3°  or 
the  lieds  are  hero  in  slight  undulations. 

At  tlu'  eleventh  milestone  the  beds  are  in  places  irregula] 
nated,  and  sjdit  'with  a  tough,  uneven,  gneissose  fnictuni 
are  jxMietrated  by  irregular  veins  of  white  quartz,  which  run 
()l)li(|iie  to  th(»  planes  of  bedding,  though  in  a  general  sense 
to  them.  But  even  the^e  irregidarly  foliated  bands  arc  botJ 
lain  and  eovered  by  the  usual  fissilo  linely-laminatcd  111 
where  the  layei-s  of  stratification  are  as  parallel  and  unbroli 
any  trer  stone -(luany  among  the  Carboniferous  rocks  of  the 

At  tlu!  brauch-road  to  Dundonald  the  flaggy  beds  becom 
and  more  gneissose,  and  begin  to  assume  a  contorted  aspw 
dij),  too.  increases,  and  eventually  becomes  verticid.  We  ero 
great  Him'  !More  to  Contin;  but  over  the  greater  part  of  t 
region  the  rocks  are  wholly  obscured.  It  appeared  to  us,  1 
that  the  gneissose  beds  at  the  Dimdonald  road,  after  being  c 
and  contorted  in  a  synclinal  axis,  probably  rise  again  wiUi  i 

ti'i.wtiifl*."   A\-r\  Tf    cnnina  alvn/tof   nApfoin     of    l/Mief     fltnf    KA4>««'tf 
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North-west  of  Scotland.  There  is  no  road^  and  for  many  miles  not 
efn  80  much  as  a  mountain-track.  Wastes  of  brown  moor  and 
diiking  bog ;  g^ens  once  inhabited  but  now  desolate ;  lonely  tarns,  the 
bMmt  of  the  wild  duck  and  the  curlew ;  and  mountain-ranges  that 
itratch  away  to  the  Western  Ocean  on  the  one  side  and  the  North 
8n  CQ  the  other,  and  sweep  upward  among  the  everlasting  mists — 
nfih  are  the  features  of  a  region  that  seems  never  to  have  been 
trodden  by  foot  of  geologist.  It  abounds,  nevertheless,  with  striking 
and  instructive  natural  sections.  In  no  part  of  the  North-west 
ffi^Uands  can  the  order  of  superposition  be  more  distinctly  seen 
tiiMi  in  this  wild  mountain-tract  between  Loch  Broom  and  Loch 
Muee. 

Croflsing  Loch  Broom  at  UUapool,  the  same  rocks  are  found  in  the 
mm  order,  save  that  the  limestone  seems  not  to  exist ;  nor  does  it 
ttme  in  again  for  a  long  way  to  the  southward.  Such  disappearances 
of  the  calcareous  parts  of  the  series  are  of  frequent  occurrence 
throughout  the  whole  of  the  Scottish  Highlands,  as  in  the  Silurian 
famations  of  £ngland  and  Wales.  The  quartz-rock  and  Cambrian 
■ndstones  sweep  over  the  hilly  ground  of  Ben-nam-Ban,  and  descend 
iato  the  valley  at  the  head  of  Little  Loch  Broom,  near  the  Mansion 
of  Dnndonald.  From  this  point  they  were  traced  by  one  of  us  south- 
vaid,  up  the  gorge  oi  Corry  Hourachan.  Here  there  is  a  clear  section, 
wluch  is  represented  in  the  accompanying  woodcut  (fig.  6). 

Fig.  6. — Section  at  Corry  Hourachan,  South-west  side  of 
latile  Loch  Broom, 


b,  Cambrian  sandstone  and  conglomerate. 

c.  Qoartz-rock.  d,  Gbieissose  schists. 


The  stream  has  cut  a  deep  channel,  partly  in  the  line  of  junction 
of  the  quarts-rock  and  schistose  series,  and  partly  transverse  to  it, 
^  Gompletest  possible  sections  being  thus  exhibited.  At  its  lower 
P^  the  stream  runs  on  quartz-rock ;  but  higher  up  it  is  crossed  by 
^  iod[,  which  then  forms  the  western  side  of  the  ravine,  the  upper 
"^^  being  peeled  ofif  and  left  as  a  cliff  on  the  east  side.  A  eliort 
^  shore  this  the  schists  too  cross,  and  sweep  up  the  western  side 
^  the  valley.     The  quartz-rock  u;>ccnds  fur  a  bhoit  way  along  the 


h:iv<-  <li«'.'l  away. 

Al  llu;  lu'ail  of  Str;ith-iui-SIialhi«r,  a  jsliviiink't  de.'sconc 
t]i»'  1  a^t  ]\u>  laid  npcii  a  i^chkI  .voctiuii  uf  quarlzuso  grit,  ar; 
slialr,  and  gneis.soj?e  bands,  some  of  tlie  stmt  a  showing  annc 
rows.  It  st'omed  a  hopeful  locality  in  which  to  look  for  foi 
our  time  did  not  admit  of  a  careful  examination  of  the  rodu 
»tonc  was  formerly  wcnrkcd  hero ;  but  the  bed  escaped  our 

Ascending  the  valley  of  Loch  Ned,  a  section  occurs  simil 
of  Corry  Ilourachan,  The  east  side  of  the  glen  is  capp 
upper  gneissoso  beds ;  below  these  comes  the  quartz-rock, 
turn  rests  on  the  Cambiian  sandstones  that  occupy  the  I 
the  valley,  and  rise  up  into  the  group  of  mountains  lying 
Loch-na-Shallng  and  Loch  Marce.  As  wo  ascend  the  ti 
(juailz-roek  descends  into  the  bed  of  the  stream,  and  then 
ascend  on  the  western  side,  stealing  up  the  hillside,  the  ii 
of  which  n(>arly  corresponds  to  the  angle  of  dip  of  the  be 
gneisswe  beds  have  been  swept  out  of  the  bottom  of  the  t 
they  occur  as  outliers  on  the  western  side.  Of  this  the 
striking  example  a  little  above  Loch  Ned.  The  eastern  slope 
Van  slope  down  to  that  lonely  tarn,  and  their  lower  parts  s 
witli  quurtz-rock.  A  stream  here  descends  in  a  series  of 
which,  from  the  snowy  tint  of  the  quartz-rock  and  the  soi 
of  the  Cambrian  sandstones  that  form  the  higher  grounds, 
dered  eminently  picturescjue.  The  watercourse  for  some 
on  inclined  planes  of  quartz-rock,  above  which,  in  distin 
position,  are  two  dark  peaks,  outliers  of  a  greenish  ser 
and  actinolitic  gneissose  rock,  with  veins  of  red  felspar  (fig. 

Fie.  7. — Section  at  Loch  Ned. 
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nsneiy  of  the  Loch  Ned  Yallej  affords  another  excellent  illustration 
d  how  closely  the  physical  aspect  of  a  country  is  linked  with  its 
geological  structure. 

Beyond  the  head  of  Loch  Ned  the  glen  bifurcates, — ^the  eastern  part, 
orthat  to  the  left,  leading  to  Loch  Yiin,  and  thence  to  the  UUapool 
void  at  Fascrianach,  while  the  western  branch  ascends  by  the  Beal- 
lodi-na-Cros  to  Loch-na-Fad.  The  latter  glen  has  been  deeply  cut 
bjramonntain-torrent ;  and  its  sides  are  likewise  scarred  and  grooTed 
liy  watercourses,  which,  though  usually  dry,  or  nearly  so,  are  rapidly 
filled  by  the  rains  which  sweep  down  the  declivities,  leaving  the 
bottom  of  the  pass  strewn  witii  debris.  Ked  felspar  is  here  espe- 
daOy  abundant,  mingled  with  a  dark  chloritic  gneissose  rock. 

Asoending  to  the  summit  of  the  Bealloch-na-Cros,  over  heaps  of 
nhbiah  in  which  felspar  fragments  are  especially  numerous,  we 
bye  a  wide  view  of  the  surrounding  mountainous  ranges.  The 
Kocb  on  either  side  have  a  decided  easterly  dip  on  the  sides  of  the 
^  and  along  the  slopes  of  the  adjacent  hills,  especially  those  which 
aarde  the  gloomy  Cony  Yichkerracher  (Farquhar's  Corry).  The 
dieet  of  water  called  Loch-na-Fad  lies  before  us.  Beyond  it,  to  the 
west,  rise  the  enormous  masses  of  Cambrian  sandstone  and  Lauren- 
tiin  gneiss  that  form  Bleugach  and  the  neighbouring  mountains 
vlddi  ehoot  up  from  the  depths  of  Loch  Maree. 

A  little  on  tiie  west  side  of  the  upper  part  of  the  beallodi,  a  ravine 
*qK)seB  the  white  quartz-rock,  dipping  a  little  north  of  east,  at 
1M6P.  From  this  point  to  Loch-na-Fad,  the  descent  lies  over 
■mmda  of  d^iis  of  white  quartz-rock  and  red  felspar.  Both  these 
i^  protrude  in  detached  hummocks  and  knolls.  Near  the  lake, 
^  fiedspathic  rock  becomes  serpentinous,  and  we  then,  at  the  south 
<nd  of  the  lake,  come  upon  a  limestone  of  considerable  thickness, 
dipping  to  the  north-east.  We  were  informed  that  limestone  was 
^^^ed  at  the  north  end  of  the  loch,  at  a  place  called  Glen  Tulloch, 
■^  not  in  so  thick  a  bed  as  that  of  Loch-na-Fad.  The  latter  we 
'^f^  as  a  continuation  of  that  seen  in  Qlen  Cruchalie,  which  will 
^"'Jjently  be  described. 

That  this  limestone  occupies,  on  the  whole,  the  same  horizon  as 
^t  of  Ullapool,  Drumdrynie,  and  Assynt,  can  hardly  be  doubted. 
7?®  Amount  of  drift  by  which  it  is  surrounded,  however,  does  not 
/^^t  of  a  dose  examination  of  its  junctions  with  the  adjacent  rocks ; 
^|Uq  the  time  at  our  disposal  proved  much  too  short  for  such  a 
f^^^tiny  as  this  portion  of  the  line  of  outcrop  deserved.  It  is  quite 
22^l)le  that  there  may  be  some  Suiting  here,  and  even  to  a  con- 
r|^t<:Bble  extent,  thou^  the  general  order  of  succession  remains 
r^^iently  clear.  The  metamorphism  which  is  often  most  intense 
^^^:^  vicinity  of  a  limestone  is  conspicuous  here.  The  serpentine 
^^^i^ases  as  we  approach  the  calcareous  beds ;  and,  did  the  drift- 
f^^^ed  snrfiEkce  permit,  we  might  in  all  likelihood  find  the  one  rock 
^^ng  insensibly  into  the  other. 

-^elow  the  limestone  lies  the  usual  white  quartz-rock,  creepiog 
^yie  acclivity  on  the  west  side  of  the  loch,  with  a  gentle  north- 
^^^y  dip.    The  lake  empties  itself  by  the  Biver  Hassac,  which. 
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flowing  down  a  deep,  precipitous  gorge,  enters  the  head  of  Loc 
Maree.  Wlicre  the  stream  quitti  Loch-na-Fad^  the  Cambrian  sand 
stone  sots  in^  extending  up  the  loch  and  down  the  river,  and  rian 
up  into  the  gi-eat  moimtain-masses  already  referred  to.  The  dc8oen 
of  tlie  ravine  of  the  Hassac,  by  a  tortuous  and  usually  imperceptibl 
track,  brings  before  the  geologist  a  noble  natural  section.  On  th 
south,  or  left  side,  the  Cambrian  strata  rise  for  some  way  np  th 
clitF,  capj)e(l  by  the  white  and  grey  beds  of  quartz -rock.  Chi  th 
other  side  the  latter  strata  are  absent,  and  the  Cambrians  form  th 
craggy  scarps  of  the  ravine,  till  they  are  succeeded  further  do^n  b 
the  subjacent  Laiurentian  gneiss. 

Lmh  Mane, — Loch  Maree,  one  of  the  wildest  of  Scottidh  lake 
presents  a  series  of  sections  of  singular  clearness.  With  Kinloc 
Ewe  as  his  head-quarters,  the  geologist  has  a  wide  sweep  of  in 
teresting  ground  around  him ;  and  we  know  of  no  locality  where  Y 
may  better  acc^-iaint  himself  with  the  order  of  sui)erpasition  of  tt 
ancient  erystiilline  rocks  of  the  Highlands,  or  with  the  dislocatioE 
and  nietaniorpliism  which  they  have  undergone  (^'^.  S). 

The  occurrence  of  the  Laurentian  gneiss  on  the  banks  of  this  lah 
has  lxH}n  already  described  in  this  memoir,  as  well  as  the  superjacei 
Cambrian  siuidstones,  and  the  inferiority  of  these  to  the  white  quarU 
rock.  From  the  mouth  of  the  Hassac  river,  up  the  valley,  to  tl 
opening  of  Glen  Cnichahc,  the  quartz-rock  forms  the  north-caster 
side  of  the  valley ;  for  the  Cambrian  strata  rapidly  dip  below  tl 
sui-face.  A  felspathic  rock,  however,  occupies  the  lower  part  of  tl 
clilf.  and  even  rises  to  a  considerable  height  above  the  vidley.  Tl 
same,  or  a  siniihir  mass,  oc^^upies,  as  we  shall  immediately  see, 
large  part  of  Glen  Cruchalio. 

The  (juartz-roek  dips  in  a  south-easterly  direction,  at  variw 
angles,  up  to  :35°  or  40°.  It  is  worthy  of  remark,  that  it  extenc 
further  soutli-east  on  the  northern  side  of  Loch  Maree  than  on  tl 
southern.  On  the  former  it  continues  to  the  lino  of  Glen  Cracholi 
where  it  is  overlain  by  the  limestone ;  on  the  latter  it  ends  at  \ 
lu^ar  tlie  Inn  of  Kinloch  Ewe,  where,  in  the  bed  of  the  stream,  ai 
llaggy  gncissose  beds,  indicating  the  upper  series.  The  strata  ( 
the  one  side  of  the  valley,  if  prolonged  across,  would  abut  again 
the  edges  of  a  different  set  of  strata.  Either,  therefore,  there  mu 
be  a  veiy  shaq)  and  sudden  change  in  the  strike  of  the  rocks  bet\fc'» 
Glen  Cruchalie  and  Kinloch  Ewe.  or  a  fault  must  traverse  the  valli 
along  the  lino  of  Loch  Mai\M).  The  latter  explanation  is  probab 
the  true  one.  This  fault,  however,  it  is  needless  to  remark^  do 
not  hi  the  least  degree  obscure  the  order  of  succession. 

Tlic  u]iper  beds  of  the  quartz-rock  are  well  exposed  in  6L 
Cruchalie.     ITiey  dip  south-easterly,  at  35°,  and  show  lai^ge  surfiic 
covered  with  anneiidc-burrows.     They  are  immediately  succeeded 
bells  of  bluish-grey  and  red  mottled  limeBtone,  with  shalj  banc 
having  the  sjimc  general  inclination. 

In  (ilen  Cnichalio  the  most  marked  rock  is  one  similar  to  tli 
which  was  described  as  overlying  the  limestone  at  Loeh-na-Fs 
and  imderlying  the  quartz-rodi  at  the  mouth  of  the  Haasoc  ai 


1851 1  .  HVBCHIfOir  AKD  OSIKIS — DIOHLAKDS. 


191 


1 


•«    1 


I; 


102  PROCEEDINGS  OF  THE  GEOLOGICAL  80CISTT.  | 

along  the  higher  part  of  the  valley  of  Loch  Maroe.  It  is  dii 
give  this  rodL  any  one  specific  name ;  for,  like  that  in  Sat) 
which  we  formerly  described *,  it  varies  greatly  in  mineral  o 
tion,  even  within  a  few  yards.  Near  the  limestone  it  is  a  Beri 
the  green  mineral  then  thins  away,  and  qnartz  and  felspar 
place,  while  to  these  is  occasionally  added  hornblende.  The 
tions  of  the  ingredients  also  vary  to  a  large  extent. 

This  rock,  by  whatever  name  we  designate  it,  occnpiee 
part  of  Glen  Cnichalie.  Sometimes  it  lies  only  along  the  be 
the  glen ;  then  it  rises  high  on  the  one  side,  and  soon  asoendi 
the  slopes  on  the  other.  In  some  places  it  occupies  indiffere] 
place  of  the  limestone,  in  other  parts  that  of  the  quartz-roc) 
upper  flaggy  series,  or  it  invades  Uie  three  zones  at  once.  But, 
it  forms  an  important  feature  in  the  geology  of  the  district, 
cupies  a  considerable  area,  it  does  not  interfere  with  the  as 
order,  which  is  here,  as  everywhere  to  the  north,  quartz-rod 
stone,  and  upper  flaggy  or  schistose  beds. 

The  latter  series  of  strata  can  be  examined  with  advantage 
ravine,  along  which  the  road  winds  from  Kinloch  Ewe  to  Ai 
sheen.  It  consists  of  quartzose  and  micaceous  flagstones  and 
the  south-easterly  dip  of  which  is  well  seen  along  the  highe 
of  the  glen,  the  angle  varying  from  26°  to  50®  These  rocks 
overlie  the  limestone,  and  are  as  dissimilar  lithologically  to  tl 
rentian  gneiss  (with  which  Professor  Niool  would  identify  t; 
two  groups  of  strata  can  well  be. 

Loch  Maree  to  Loch  Tofridon. — ^Few  mountains  in  Scotland 
a  more  striking  aspect  than  those  which  dose  in  around  the 
lioch  Maree,  and  stretch  westwards  to  the  Atlantic.  Giant,  t 
hued  masses  of  Cambrian  sandstone,  in  nearly  horizontal  be 
band  over  band,  to  a  height  of  fully  3000  feet.  Their  suim 
not  unfrequently  capped  with  white  quartz-rock ;  and  under 
phases  of  the  sky,  when  a  gleam  of  sunshine  falls  on  these  h 
they  seem  in  the  distance  as  if  tipped  with  snow.  The  ill 
sometimes  heightened  by  the  &ults,  which  let  down  the  quaj 
in  wedges  among  the  dcurk-hued  Cambrian  beds ;  for  then  tb 
crags,  descending  some  corry  with  a  long  stream  of  grey 
below  them,  look  like  a  stunted  glacier,  or  an  incipient  avah 

The  general  aspect  of  these  lulls  is  shown  in  the  preoedi 
grammatic  section  from  the  sea  at  Loch  Torridon,  across  Lod 
to  Loch-na-Fad  (fig.  9).  The  same  geological  characters  n 
high  ranges  from  Leagach  and  Ben  £ay  to  the  Dingwall 
Craig  Inn.  Some  of  &e  features  of  this  tract  it  is  necei 
advert  to  more  in  detail.  The  rocks  are  fiaulted  in  a  veri 
ordinary  manner ;  and  these  dislocations  have  been  supposed 
some  coimtenance  to  the  hypothesis  that  the  upper  gneissosc 
which  rests  on  the  limestone,  is  the  Laurentian  gneiss,  bro 
from  the  bowels  of  the  earth  by  a  convulsion  of  ui^own  mai 
It  would  indeed  be  strange  if ,  in  a  countiy  so  metamorpho 
mineralized,  presenting  so  many  crumplings  and  contortioni 
*  Q^art.  Jourou  Qeol.  Soc  toL  xtl  p.  238. 
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strata,  and  abounding  in  so  many  deep  gorges  and  ravines,  there 
were  yet  no  lines  of  extensive  faulting.     Such  lines  must  almost 
OMesBarily  exist.     But  what  are  the  conditions  needful  for  their 
&overy  ?    Must  we  not  have  at  least  certain  persistent  strata  of 
well-defined  lithological  characters,  and  trace  them  in  their  windings 
among  the  mountains?    Such  strata,  however,  are  not  well  repre- 
sented among  the  Silurian  rocks  of  t^ese  regions.     The  limestones, 
AS  we  have  seen,  are  subject,  as  in  Wales  and  Siluria,  to  sudden 
sod  capricious  changes,  amounting  even  to  entire  disappearance, 
^e  upper  gneissose  series  has  no  distinguishing  band,  and,  where 
tiie  limestone  is  wanting,  passes  down  imperceptibly  into  the  quartz- 
rock.    The  quartz-rock,  too,  has  a  more  or  less  imiform  aspect 
throughout ;  so  that  faults,  repeating  one  part  of  it  against  another, 
nu^bt  easily  escape  observation.     If,  however,  we  could  find  it  on 
soQxe  exposed  hillside,  faulted  along  with  its  subjacent  Cambrian 
Bsndstones,  there  would  then  be  every  probability  of  detecting  the 
^Hctures ;  for  the  quartz-rock  being  white,  and  &e  Cambrian  dark 
reddish-brown,  any  alternation  of  these  two  formations  would  be 
ohoesrvable  even  at  a  distance.    This  desideratum  is  admirably  sup- 
F^ed  among  the  craggy  mountains  of  Beann  Taobhliath,  which,  from 
^tbin  four  or  five  mHes  of  Loch  Maree,  extend  southwards  almost  to 
^^oeh  Doule,  on  the  road  between  Dingwall  and  Skye.     The  hillsides 
tloxig  the  deep  glens  in  that  region  afford  the  clearest  and  most 
^^c^itling  proofe  of  dislocation ;  and  yet,  but  for  the  contrasting  co- 
***iiB  of  the  two  series  of  rocks,  these  fractures  would  probably  never 
^ve  been  detected,  unless,  wi^  a  good  map  in  his  hand,  a  geologiBt 
*^4  set  out  purposely  to  seek  for  them.     Hence  it  is  in  the  highest 
^^^^:ee  probable,  that  among  the  gneissose  rocks  there  may  exist  many 
^^^*lge  faults,  wMch  have  not  been  even  suspected. 

^ving  made  this  admission,  however,  it  by  no  means  follows  that 
!^«r  the  region  we  have  examined  any  kind  of  fault  may  occur,  and 
^^ng  any  part  of  the  line.  In  the  sections  already  described  in 
^^is  paper  there  is  certainly  no  fault,  but  a  clear  order  of  superpo- 
^%ion  from  the  lower  quartz-rock  into  the  upper  quartzose  or  gneiss- 
^^  series.  But  between  the  points  which  we  have  selected  for 
^^Mcription  in  detail,  it  is  far  from  improbable  that  faults  may  inter- 
^^ne,  limited  in  their  extent  and  in  their  amount  of  throw.  They 
^«n  only  be  local ;  and  their  character  is  probably  sufficiently  shown 
^^^  the  region,  one  or  two  sections  in  which  we  shall  now  describe. 

BeannTaohJiUathy  or  "  the  Orey Heads. *^ — About  5  or  6  miles  south- 
>rest  frx)m  Kinloch  Ewe,  on  the  road  to  Loch  Torridon,  lies  the  water-^ 
^hed  between  that  arm  of  the  sea  and  the  freshwater  Loch  Maree. 
On  the  north  side  of  the  valley  the  mountains  of  Leagach  and  Ben 
£ay,  already  referred  to  (fig.  9),  show  their  capping  of  white  quartz- 
rodL  on  the  sombre-hued  Cambrian  sandstones  which  form  their 
mass.  It  was  the  southern  side  of  the  valley,  however,  that  chiefly 
attiBcted  onr  attention.  There  the  quartz-rock  on  the  mountains, 
when  seen  from  the  road,  appeared  interbanded  with  some  dark  rock, 
••  if  sheets  of  greenstone  had  been  thrust  between  its  strata.  This 
seemed  the  more  inexplicable  as  we  had  seen  no  such  rock  in  any 
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other  part  of  the  flii^triet,  and  aone  cortaialy  wlueh  dicvwod  mdi  i 
reigularly  stratitied  arnmf^ment*  One  of  us,  aec^n^ngly^,  awrtidi^ 
the  craggy  sides  of  Scuir  Bhu,  ond  thenf«  (jhlkjtielv  »>uth«M*tn 
the  top  of  the  highest  of  the  Beatia  Tivibhliath  hilla.  or  *'Vmj 
Hetidg/*  The  foUowmg  B«>ction  it'presonts,  better  than  any  ^fMd 
doacription^  tho  structure  of  Scuir  Bhii, 


Fig*  10. -^i*ittim  6f  Smtr  Dhu^ 


h,  Cumbriftn  »nd«ioa<*  and  ootigbmeniie,  c.  Quari^mdc 
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The  CambriaB  at  the  baao  of  the  hill  dips  E,  10^  to  20^  B.,  at  3*f_ 
to  40°,  It  is  covered  bj^  white  i^uartzite  having  the  ^itm  dip  i  *" 
angle,  and  allowing  etiU  the  obhqnc  lamination  or  **  fabe- bedding^ 
of  the  original  eand*  Did  no  other  section  exiat,  wc  should  *a)  tb 
the  Silurian  roclta  here  followed  the  Cambrian  in  confonaable  t£^ 
quenco.  The  Cambrian  be  da  slope  up  the  valley  aloag  the  h>w^r  pa*^ 
of  the  acxilivity,  while  the  qnart^^roc-k  risee  above  them  to  form  U»^ 
greater  part  of  the  north-eaatem  side  of  the  glen.  The  lattej  rouk  ** 
oecofiiomiLLy  deeply  channeled  by  mountain -torrents*  On©  raviJ*^ 
in  partdcukr  occurred  in  the  course  of  the  ascent,  about  SO  or  IW^ 
feet,  and,  in  places,  so  narrow  that  it  seemed  as  though  one  eoul^ 
almost  have  stepped  across  it,  Cambrian  blocks  strew  the  hilkid^" 
and  are  often  perched  on  the  edges  of  ditfa  and  on  the  summits  <P^ 
detached  crags.  None  of  them  are  of  gre^t  si*o,  the  largest  obierro^ 
being  eight  feet  long,  six  broad,  and  three  high.  Giieiss-boti]d«i^ 
also  occur,  but  are  smaU  in  si?^  as  well  as  few  in  numlter.  Thi^ 
quantity  of  Cambrian  blocks  increases  m  we  ascend,  until,  not  fs^ 
below  the  summit,  we  come  upon  a  mass  of  Cambrian  SHnd^tone  to 
plat^e,  dipping  E.  4°  8.,  at  27°.  BetweeJi  tJie  quartz-roek  and  thipa 
Cambrian  ledge  there  is  undoubtedly  a  fault,  the  fonner  roek  having 
its  bc^k  curved  and  thrown  back  against  the  latter :  this  is  ehowvi 
in  the  subjoined  section  (%.  11),  which  is  an  enlai^ed  view  of  Uiatf 
part  of  fig.  10,  marked  *.  Tlie  Cambrian  bedi^  are  thea  ooTif^ 
over  by  flat  imdulsting  be^  of  quartz-rock ^  wliich  lie  at  the  ham  40 
a  clifT  of  similar  Cambrian  aandstonea.  At  the  top  of  this  cUS"  a  aiDalS 
ledge  of  quartz-rock  exists  (as  shown  in  fig,  10),  lot  in  by  a  faiid 
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w  another  Cambrian  crag,  above  which  comes  a  snowy  diif  of 

tx-rock,  forming  the  summit  of  the  mountain. 

le  Cambrian  rocks  support  hardly  any  vegetation,  the  quartz- 

iig.  11. — Enlarged  Section  of  the  Point  marked  ♦  in  Fty.  10. 


h.  Cunbriftn  sandstone  and  conglomerate.  c.  Quarte-rock. 

c  still  less.  There  is,  therefore,  no  obscuration  of  the  lines  of 
^on,  save  such  &s  arises  from  the  debris  of  the  crags,  worn  down 
iiese  are  by  the  rains  and  frosts  of  winter,  that  tcU  especially 
a  the  quartz,  splitting  up  its  beds  and  covering  its  surface  with 
8  of  loose,  rough,  angular  blocks,  on  which  it  is  often  perilous 
tread.  There  is  no  difficulty  in  determining  which  are  lines  of 
!ture  and  which  lines  of  regular  superposition :  the  section,  indeed, 
early  as  distinct  as  it  can  be  drawn  on  paper.  The  uppermost 
PB  of  red  sandstone  dips  E.  4°  to  10°  8.,  at  30°  to  36° ;  the 
rti-rock  which  covers  it  dips  E.  4°  to  10°  S.,  at  35°  to  42°. 
8e  figures  are  given  as  the  mean  of  several  observations  made  at 
nrals  along  the  exposed  ledges.  They  show  that,  in  a  general 
e,  the  two  series  of  deposits  are  conformable ;  and  this  conformity, 
d  we  obtain  unweathered  surfaces  for  careful  measurements,  might 
hewn  to  be  complete.  It  is  sufficiently  evident,  however,  that 
undisturbed  sequence  is  accidental,  and  that  the  Cambrian  beds 
undergone  erosion  previous  to  the  deposition  of  the  overlying 
Mits.  In  no  instance  is  there  anything  like  a  passage  of  the  one 
esinto  the  other ;  on  the  contrary,  everywhere  along  the  junction 
lino  of  demarcation  is  sharp  and  defined.  Such  sections  as  that 
m  in  the  annexed  figure  (fig.  12),  are  not  uncommon  where  a 

%,  12. — Section  showing  the  Junction  of  the  Quartz^rock  and  the 
Cambrian  Sandstone  on  Scuir  Dhu. 


b.  Cambrian  sandstone  and  conglomerate.  c.  Qnartz-rock. 


Of  led  sandstone  has  been  at  one  point  eroded,  and  is  there  un- 
cinnably  overlapped  by  the  quartz-rock. 
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From  the  summit  of  the  hill  tho 
quartz-rock  plunges  down  the  north- 
eastern side  towards  the  Talley  of  Loeh 
Clare ;  but  the  Cambrian  again  comes 
in,  owing  to  the  intervention  of  other 
faults.  Crossing  along  the  ridge  to 
the  next  hill  to  the  south,  we  meet 
with  other  examples  of  the  apparent 
interbedding  of  quartz-rock  and  red 
sandstone.  There  is  a  gorge  or  beaJloch 
(of  which  we  could  not  ascertain  the 
name,  and  it  is  nameless  on  the  maps) 
on  this  ridge,  having  a  stream  on  the 
east  side,  which  descends  into  Loch 
Coulan,  and  another  on  the  west,  that 
falls  into  the  valley  of  the  Torridon 
Water.  Following  the  line  of  the  glen 
on  the  south-east  side,  we  are  pre- 
sented with  one  of  the  most  striking 
natural  sections  anywhere  to  be  seen 
in  the  North-western  Highlands.  The 
alternations  of  red  sandstone  and 
white  quartz-rock  are  repeated  again ; 
but  hero,  in  place  of  merely  an  out- 
crop-lino along  the  strike,  we  have  a 
magnificent  transverse  section  several 
hundred  feet  deep,  along  the  southern 
side  of  a  wild  glen.  !l£e  contrasting 
tints  of  the  two  rocks  give  the  decli- 
vity all  the  appearance  of  a  vast  dia- 
gram ;  and  no  diagram  could  repre- 
sent the  dislocations  in  a  more  im- 
pressive manner.  The  subjoinedfigure 
(fig.  13)  was  copied  while  we  walked 
do^m  the  glen,  and  represents,  as  nearly 
as  may  be,  the  actual  relations  of  the 
rocks.  We  may  add,  that  the  same 
dislocations  cross  to  the  north  side ; 
but  the  greater  amount  of  d^ris  on 
that  side  makes  them  less  easily  trace- 
able. They  undoubtedly  run  both 
north  and  south  of  the  glen;  and 
these  mountains  have  thus  the  sin- 
gular aspect  of  alternating  clifGs  of 
snowy  whiteness  and  sombre  brown. 
We  could  mark  the  arrangement  on 
the  hills  a  short  way  north  of  the 
Dingwall  road  at  Loch  Doule,  a  di- 
stance of  fully  ten  miles  from  Bon 
£ay,  where  similar  dislocations  were 
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abo  observed.  The  map  of  this  region  would  therefore  represent  a 
Beries  of  irregolar  strips  and  patches  of  Silurian  quartz-rock,  inserted 
among  Cambrian  sandstones  by  the  agency  of  longitudinal  faults 
vhich  seem  to  split  off  from  or  coalesce  with  each  other. 

Towards  the  lower  end  of  the  valley  the  quartz-rock  dips  E.  10° 
8.,  at  35°,  and  is  followed  by  a  band  of  limestone  conspicuous  from 
the  neighbouring  hiU-tops,  owing  to  the  bright  verdure  that  marks 
its  coone.  Above  the  limestone  come  beds  of  quartz-rock  and 
qnartzose  flagstone ;  and  these,  becoming  more  and  more  schistose, 
0068  Loch  Coulan,  and  are  seen  in  the  ravines  and  watercourses  on 
the  opposite  side.  They  form,  of  course,  the  upper  quartzose  series 
10  frequently  referred  to. 

The  region  lying  between  the  Grey  Heads  and  Loch  Doule  has 
D0Ter  been  explored.  We  were  able  to  see  its  general  structure  from 
lome  of  the  neighbouring  hiU-tops ;  but  it  must  contain  much  in- 
tereating  detail  to  reward  the  fatigues  of  an  enterprising  geologist. 

LoA  Carran. — ^After  traversing  this  faulted  district,  the  quartz- 
roek  t^proaches  Loch  Doule,  whence  it  bends  towards  the  south- 
vest,  occupying  the  high  ground  on  the  north-west  bank  of  Loch 
Canon.  At  the  head  of  the  latter  loch  it  is  overlain  by  a  limestone, 
which  extends  for  some  way  towards  Jeantown,  until  lost  beneath  the 
tlhiTial  accumulations  of  the  valley. 

13)6  road  from  Jeantown  to  Applecross  crosses  a  high  ridge,  and 
deaeends  to  Loch  Keeshom,  through  a  ravine  in  which  there  is  a  well- 
«?08ed  section  of  the  strata.  First,  on  leaving  Jeantown,  we  have 
feUatose  beds  with  a  south-easterly  dip ;  these  gradually  pass  down 
into  a  quartzoee  and  flaggy  series,  which  towards  the  lower  end  of  the 
laTine  are  underlain  by  tiie  quartzite.  The  next  rock  in  descending 
•rfer  is  a  limestone  of  great  thickness,  which  occupies  the  south- 
^■rtem  side  of  Loch  Keeshom*.     It  dies  rapidly  away  to  north,  and 

*  ahort  way  bej^ond  the  head  of  the  loch  has  disappeared  altogether, 
ft  ia  underlain  by  white  quartz-rock,  which,  coalescing  witii  that 
ibore  the  limestone,  forms  one  series,  below  which  lie  the  Cambrian 
<>&dstonee  swelling  up  into  the  great  mountains  of  Applecross  and 
WhDoich. 

We  had  not  time  fully  to  work  out  the  relations  of  the  Keeshom 

'^'loeatone:  possibly  it  may  be  the  same  as  that  of  Loch  Carron, 

^^  Coulan,  and  Glen  Cruchalie — that  is,  the  limestone  zone  between 

^  lower  quartz-rock  and  the  upper  quartzose  flaggy  series ;  or,  like 

^  Wer  Hmestone  of  Ben  Eay,  already  referred  to,  it  may  be  a  local 

depoait  occurring  in  the  lower  quartz-rock.     The  area  which  will 

f?^  this  point  is  the  high  ridge  on  the  northern  side  of  the  Loch 

^^^n  Valley,  between  Lochs  Keeshom  and  Doule. 

.  *le  sections  along  the  shores  of  Loch  Carron  at  Strome  Ferry  are 

^l^j^Ularly  dear.   They  show  the  quartzose  flagstones  in  well-defined 

r^»  dipping  sharply  to  the  south-east  at  45^  or  more.     The  same 

f|^^  oociqyy  the  intervening  tract  of  land  to  the  Kyles  at  Balma- 

»r^^9  wheie  another  admirable  line  of  section  can  be  examined  along 

^  ^ore. 

Q^  ^ee  Hiool,  Quart  Joom.  G.  S.  vol.  ziii.  p.  29:  MurchiBon,  t&.ToL  tv.  p.  188. 

*  Xfn. — ^PAKT  I.  P 
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LocJi-ahh. — llie  promontory  opfposite  ETleakm  has  bitberto  te 
mapped  as  ''  Red  Sandatone^^'Kke  the  ItOk  of  Applacras^  thii  ^ 
'' (^unbiian'' acooidiiig  to  oar  dan&cstiim  of  tlM^  Neitta 

this  red  sandstone,  there  bat  heifi  inserted  oil  Ae  a«l  nde  i 
of  qnaiti-rock^bejond  wfaidi,  «t  Balmscaii^ooawi  the  gfcal 
region  of  previous  geologists*.  TLe  red  eMAbae^  bowirer,  0 
idoitical  with  that  of  Appleonns,  or  the  red  saaditofiie  «f  tfa« 
coast  generaUy ;  indeed,  so  Ikr  as  we  ofaierred,  it  is  nidj 
sandstone  at  dl,  bat  grepA  qomdv-ro^,  whidi  Mmmam  t 
reddish  tint,  chiefly  on  the  wwthcied  sai&ees.  It  has  in 
dip  at  gentle  angles.  Opposto  EjIe^kiJi,  indeed^  there  is  a 
of  the  bedding,  owing  periiaps  to  the  prolongs  Don  of  a  ^iilt 
Skye,  to  be  immediatdy  notieed ;  bat  east  &oin  this  the  straiifii 
becomes  quite  regular.  The  qjoartzy  flagstones,  in  weU-d^cdbf^r 
dip  steadily  up  Loch-akh,  at  from  1^  to  20° ;  towAida  BalciftcarTB 
House,  interlaminatians  of  shak  or  schist  be^  to  appear  i  mi  ih/^ 
continue  to  increase,  imparting  a  fissile  charaeto^  to  the  strata,  ia 
we  trace  the  strata  still  eastward,  their  achktoeefitnic  tore  iiiL-ntfei, 
until,  by  the  diminutioii  of  tiie  qnartEose  bands,  and  tht^  greater  ^ 
velopment  of  the  aigillaoeonsaiid  micacemis  portioiijSf  they  inseoa^T 
pass  upwards  into  schists  and  gneb^^  rocks ;  these  range  ea^tvuds 
up  Loch-alsh,  with  here  and  there  a  bo^  of  syenitej  or  fel^iar-pOF*' 
phyry.  No  clearer  evidenoe  eould  be  desired^  that  the  qnarti^ieil^ 
or  quartzose  flagstones  gradnate  in  peifeet  Ethological  sequenwltiv 
the  upper  schists. 

In  Sutherland,  as  stated  in  fcrmer  memoij^,  the  (juarti^rDck  ab** 
the  Assynt  limestone  is  sc^enKised  by  another  Ume^stane,  idik^ 
however,  is  of  no  great  ocmtinnity.  We  failed  to  detect  it  ia  buj  "^ 
the  transverse  sections  of  the  country  between  Assynt  and  I/<b— 
alsh.  Along  the  shores  of  Looh  Buieh,  however  (which  m  a  bi&n^ 
of  Loch-alsh),  the  sdusts  that  overlie  the  upper  quartzoee 
contain,  in  tiieir  lower  party  several  limestone  bands,  in  the 
way  as  the  Sutherland  limestone  Het  between  the  upper  quarts- 
and  the  superjacent  gneiasose  loeks, 

Loch  Duich. — ^The  Loch  Dnioh  timestones  are  best  seen  alon^ 
south  side  of  the  fiord.  There  are  at  least  Ave  or  eut  bands  having 
general  easterly  or  south-eastariy  dip.  They  are  sep^Lrated  by  taloiaer 
actinolitic,  and  micaceous  sohistei^  often  serpenUnous  like  l^o  hn^ 
stones  themselves :  red  folroar*porphyry  and  sycmte  alao  omir  i^ 
bosses,  dykes,  and  veins.  Ae  longest  beds  of  limestone  are  perbp* 
those  of  Totig  Point,  oppoate  the  village  of  Doniie  and  Eihiii-l^"* 
nan ;  there  tiiey  are  somdamae  pure  white,  with  green  ^/trp^^ 
streaks,  and  have  been  q[aanied  on  the  shoref,  Tbey  range  aci^ 
the  hills  into  Glenelg. 

Red  felspathio  rocks  abomiid  chiefly  towards  the  head  of  h^ 
Duich ;  they  are  oonspicnoas  in  the  hill  of  Mam  Rattadiaa,  t^ 
likewise  in  many  of  the  goUiflS  and  aieftB  worn  on  the  hilkid««  ^ 
the  rains,  as  wdl  as  on  the  shore.     We  found  them  also  amcoig  tka 

*  dee  etpeoiaQT  Vnt  Kieors  map,  where  the«e  errora  sro  to  be  ^ 
t  See  Quart  /oom.  GedL  floa  rol  jiiL  p.  3a 
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flaggy  beds  of  the  Bealloch  of  Kintail,  which,  with  a  south-easterly 
dip,  range  northwards  to  the  deep  gorge  of  the  Gloma(;h,  where,  in  a 
leene  of  mng^lar  wildness  and  grandeur,  the  stream,  in  Mling  over 
the  difiEs,  gives  rise  to  the  highest  cascade  in  Scotland. 

Sk^e. — Following  the  line  of  outcrop  of  the  Lower  Silurian  quartz- 
rock  and  limestone,  we  have  arrived  at  the  shores  of  the  Atlantic. 
But  these  rocks  are  prolonged  into  the  Island  of  Skye ;  and  before 
tracing  the  structure  of  the  interior  of  the  mainland,  we  will  sketch 
in  oatline  that  of  Sleat — the  southern  peninsula  of  Skye. 

In  g  former  memoir*,  it  was  shown  that  the  lias  of  Strath,  in 
Skye,  rested  unconformably  upon  red  (Cambrian)  sandstone,  and 
that  the  sandstone  stretched  across  the  island  from  sea  to  sea,  with 
a  north-westerly  dip.  It  was  also  pointed  out,  that  some  powerful 
fralts  existed  in  the  district,  whereby  the  secondary  shales  and  lime- 
•tunes  were  thrown  down  in  wedge-form  among  the  older  strata.  We 
have  now  ascertained  that  the  same  faulted  character  extends  across 
I^  Eishort  into  Sleat,  rendering  the  geology  of  that  peninsula  in- 
tricate and  difficult.  With  the  limited  time  at  our  disposal,  and  the 
want  of  a  map  having  any  approach  to  accuracy,  we  did  not  attempt 
to  work  out  tie  detailed  structure  of  this  region. 

Sleat  appears  to  have  formed  originally,  previous  to  the  occurrence 
^  the  faults,  an  anticlinal  ridge  consisting  fundamentally  of  Cam- 
brian sandstone  with  the  quartz-rock,  limestone,  and  upper  gneissose 
^  folded  over  it.  Traces  of  this  simple  structure  are  sufficiently 
ihundant ;  but  it  has  been  greatly  modified  and  deranged  by  the 
'^ftience  of  certain  longitudinal  dislocations,  by  which  the  north- 
^^tem  side  of  the  arch  has  fallen  in ;  and  considerable  con^sion 
^  been  introduced  into  the  southern  end  of  the  peninsula. 
The  Cambrian,  rising  from  under  the  lias,  forms  the  north  side  of 
^h  Eishort  and  runs  across  to  the  Bay  of  Lussay.  From  the  head 
^  Xoch  Eishort  a  fault  extends  to  the  shore  near  Kyleakin,  the  effect 

which  is  to  throw  down  the  quartzose  flaggy  beds  against  the 
tebrian  sandstones,  both  of  which  have  a  north-westerly  dip. 
tiother  fault  runs  probably  from  about  Kyleakin,  along  the  north- 
Qst  flank  of  Ben  Cailleaich,  towards  the  Point  of  Sleat,  with  the 
4ne  effect  as  the  other ;  so  that  the  arch  becomes  still  further  frac- 
ired  towards  the  south-west  end  of  the  island. 
At  Ord  the  red  sandstones  are  also  considerably  faulted.  On  the 
Us  above  the  House  they  are  surmoimted  by  quartz-rock  in  thick 
ids  of  snowy  whiteness.  These  dip  north-west,  at  a  steep  angle, 
nning  the  side  of  a  steep  hill,  at  the  bottom  of  which  they  arc 
vered  by  limestone,  evidently  on  the  same  horizon  with  that  of 
isynt  and  Loch  Broom. 

This  limestone  appears  to  be  surmounted  by  quartz-rock ;  but  this 
lit  of  the  island  is  dislocated  to  no  common  extent,  and  would 
quire  much  care  and  time  in  the  unravelling  of  its  details  f. 

*  Geikie,  Quart.  JooriL  GeoL  Soc  toL  xiv.  p.letseq. 
t  I  am  now  oonTiBoed  that  the  white  quarts-rock  noticed  m  my  former  paper 
wedflBd  in  at  the  tide  of  a  ikult  on  the  shore  of  Loch  Eishort  really  belongs 
tiiia  Lower  Silurian  seriea,  and  is  therefore  the  product  of  a  much  older  meU' 
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lletuming  to  the  shore  opposite  Balmacarra  we  find  that  the 
quartzosc  fliip:;4toiies  already  described  cross  into  Skye  and  form  the 
great  mountain-mass  of  Ben-na-Oailleaich.     Their  dip  on  the  north- 
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western  side  of  the  anticlinal  arch  is  obscured  by  the  fEiults ;  bat  th^ 
south-eastern  dip  is  well  shown  along  the  bare  grey  slopes  of  tJ 

morphism  than  that  of  the  Liao  limestones.  It  oocuired  to  me  also,  lastsumsv^ 
while  on  the  hills  above  Ord,  that  possibly  some  ports  of  the  metuaoipliie  lir* 
stone  of  Strath  may  possibly  be  also  SiluriaxL— A.  G. 
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B.  The  same  dip  oontinues  by  Kylo  Ehea  along  the  south-eastern 
re  of  the  island,  which  is  traversed  by  numerous  N.W.  and  S.E. 
:ee  of  greenstone.  The  same  reddish  tint  is  here  observable  that 
I  noticed  in  the  description  of  the  Balmacarra  flagstones.  The 
Be  is  the  same  in  this  case  also ;  the  red  colour  is  a  mere  crust 
ing  to  the  oxidation  of  some  of  the  component  minerals ;  while  the 
k,  when  broken,  is  grey  or  white  within. 

it  Isle  Oronsay ,  as  at  Balmacarra,  we  found  a  gradation  from  these 
;itanes  into  the  upper  gneissose  or  schistose  series.  These  schists 
re  a  south-easterly  dip,  but  are  much  crumpled  in  places.     Near 


Fig.  16. — Section  in  Sleat,  from  near  Ord  to  Knock.  s.e. 


i  /  d 

h.  Cainbrian  nuidstone.    d.  Gneisaofle  and  schistofle  rocks.    /.  Fault 

iod[  a  good  section  is  obtained  from  the  shore  inland,  showing  the 
rving  of  these  strata,  and  about  halfway  between  Knock  and  Ord 
3y  are  seen  to  graduate  as  usual  into  a  lower  series  of  quartzose 
Sgybeds. 

2.  Structure  of  the  country  between  the  Atlantic  and  the  line  of  the 
tat  Glen. — ^Having  traced  the  southward  prolongation  of  the 
utz*rocks  and  limestones  in  Skye,  until  they  are  lost  beneath  the 
(ten  of  the  Atlantic,  we  now  give  the  results  of  several  traverses 
the  region  to  the  east  of  these  rocks,  in  order  to  show  the  cha- 
to  of  the  upper  gneissose  series  of  deposits  and  the  geological 
"Qctore  of  tlus  part  of  Scotland.  In  former  memoirs  upon  the 
ska  of  Sutherland,  reference  was  made  to  the  great  apparent  thick- 
Bs  of  the  flaggy  schistose  strata  which  there  overlie  the  upper  lime- 
nie  and  form  the  central  and  eastern  portions  of  that  county.  Tho 
ickness  was  indeed  so  great  as  to  compel  the  belief  that  many 
Ids  must  necessarily  exist,  even  although  in  most  of  the  observable 
t^ns  the  rocks  continued  to  plunge  towards  the  south-east.  But 
e  data  were  wanting  on  which  to  speculate  as  to  the  character  and 
^oont  of  such  folds.  This  summer,  however,  we  were  fortunate 
oQgh  to  obtain  some  illustrative  sections  which  showed  how  de- 
Ptive  this  steady  south-easterly  dip  might  really  be,  and  how  pro- 
Me  it  was  that,  even  where  no  change  in  the  direction  of  inclina- 
^  could  be  traced,  the  strata  might  nevertheless  be  repeated  upon 
''i^lves  again  and  again, 

^^oeh  Broom  to  Contin. — One  of  us  continued  tho  section  from  Loch 
"^^tn  across  the  wild  uplands  of  the  Dirry  More  to  the  Old  Bed 
^tone  of  the  east  coast,  where  it  ascends  the  Biver  Conon  to 
^.  The  amount  of  alluvium  along  the  valleys  rendered  the 
^ter  part  of  this  traverse  unsatisfactory ;  but  enough  was  ob- 
"^^  to  justify  the  belief  that  when  this  region  is  properly  mapped 
^  be  found  to  contain  many  anticlinal  and  synclinal  folds  as 
I  u  local  contortions  of  the  strata.    The  flaggy  and  gneissose 
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beds  from  Inisbac  to  Contin  have,  on  the  whole,  a  south- 
dip.  On  the  shores  of  Loch  Garve  the  pneiss  is  crumpled 
tricato  folds ;  but  the  prevalent  dip  is  still  south-easterly,  a 
tiniies  so  until  the  Old  Rod  conglomerates  supervene  at 
Alternations  of  micaceous  gneiss,  mica-schist,  and  grey  qua 
fonn  the  prevailing  rocks  of  the  district  From  Contin  we  r 
the  country  to  I^ch  Carron.  The  same  gneissose  schists  and  q 
iiagstones  were  observed  along  the  road,  with  a  general  south- 
dip,  but  with  several  visible  folds  and  many  covered  parts 
north-westerly  dip  may  occur,  like  that  of  the  mountain  AJ 
I^ch  Fannich,  before  described*. 

Loch  Ho  urn  by  Loch  Quoieh  to  the  Caledonian  Cana 
exaniincKl  also  a  line  of  section  from  about  the  middle  of  Loci 
to  Loch  Oich  in  the  Great  Glen.  The  rocks  which  form  tl 
niiicent  jagged  mountains  that  overshadow  Loch  Houm  f 
micaceous  tiagstones.  They  have  a  general  south-easterly 
high  angles  and  are  usually  flat-bedded  and  regular,  thoug 
times  locally  cnmipled.  They  occur  all  up  the  wild  gorge 
that  rises  from  the  head  of  the  loch  to  the  height  of  lOCK 
the  space  of  a  mile.  The  top  of  this  pass  forms  part  of  t 
ridge  of  the  country,  and  presents  the  singular  phenomei 
watershed  only  a  mile  distant  from  the  sea  on  tie  one  si 
fully  iifty  miles  on  the  other.  All  the  crags  and  rocks  al 
sides  of  the  pass  have  been  smoothed  and  striated,  by  glada 
on  the  faces  that  look  up  the  glen,  while  those  which  point 
the  sea  are  rough  and  irregular.  There  is  no  drift  in  the  { 
at  the  head  of  Loch  Houm. 

From  the  top  of  the  pass  to  the  bend  of  Loch  Quoich  t 
rocks  continue  in  the  same  south-easterly  inclination.  T> 
EUiee's  house  at  Glen  Quoich  t,  however,  a  line  of  syndi 
crosses  the  lake  and  runs  northward  to  Glen  Shiel,  where  we 
well  marked.  On  the  east,  or  rather  east-south-east  of  this 
its  direction  is  nearly  north-north-east),  the  strata  are  rev 
the  north-west,  £ind  this  dip  continues  along  Loch  Quoich 
severed  miles  to  the  eastward.  They  then  undulate  and  bee 
scured  partly  by  granite  masses  and  partly  by  the  deep  sani 
mulations  of  Glengarry,  so  that  their  relations  towards  tiie  Oi 
were  not  satisfactorily  ascertained.  At  Livergarry  Inn,  1 
only  about  two  miles  from  Loch  Oich,  the  gneissose  rocks  b 
cided  north-westerly  dip. 

The  most  instructive  sections  along  this  line  of  count 
those  in  Loch  Houm,  and  on  the  road  between  that  deep  i 
Tomdoun  Inn.  We  would  especially  instance  two  rocks  or 
on  the  wayside ;  one  about  three  miles  west  from  the  house 
Quoich,  the  other  at  the  seventh  milestone  west  fit)m  Tomd( 
The  first  of  these  shows  in  the  dearest  possible  manner  how  ( 

♦  Quart.  Joum.  Geol.  See.  vol.  xr.  p.  387. 

t  Since  our  Tisit  to  Glen  Quoich,  our  hoepitaUe  host,  the  Rt  Hoi 
Ellice.  has  acmiired  all  the  lands  of  G-lenpurrj,  so  that  his  eiUtea  now  r 
Loch  Oich  to  Loch  Houm,  a  distance  of  about  30  miles. 
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a  prevalent  dip  in  this  region  may  be, 
even  though  it  should  seem  to  be 
perfectly  regular.  The  strata,  con- 
sisting of  gneiss,  mica-schist,  and  mi- 
caceous quartz-rock,  are  exposed  for 
about  100  yards,  and,  as  shown  in  the 
accompanying  diagram  (fig.  17),  are 
folded  upon  each  other  in  such  a  way 
that  the  same  stratum  is  repeated 

i.    ,       seven  times  in  that  space.    The  actual 
}    f       thickness  of  the  beds  in  this  section 
y    J       is  perhaps  not  more  than  10  or  15 
^y         yards — tiiat  is,  from  a  seventh  to  a 
-.^  ^"^  tenth  of  their  apparent  thickness.   In 

*\    \        walking  over  the  edges  of  these  highly 
^^^.'^'  /'         inclined  strata,  with  poaedbly  here  and 
"*-,  *\         there  the  indication  of  asoutik-easterly 
)   ]        dip,  we  might  very  naturally  set  down 
zii'  {         the  beds  as  one  continuous  series;  and, 
)  J^  without  a  dear  transverse  section,  it 

-"  '^\  \        would  be  difficult  to  prove  that  they 
y    j        were  not. 
''     ,/  The  other  section  is  represented  in  . 

'        "'  fig.  18.    It  shows  another   way  in 

which  the  vertical  thickness  of  these 
upper  gneissose  rocks  may  be  reduced 
from  its  enormous  apparent  magni- 
tude. Instead  of  vertical  folds,  we 
are  often  presented,  as  in  the  rooks 
depicted  in  this  figure,  with  contorted, 
bedding,  which  even  more  than  the 
former  tends  to  modify  our  estimate 
of  thickness. 

There  can  be  no  doubt  that  these 
sections  are  truly  typical  of  the  struc- 
ture of  the  metamorphic  regions  of 
Scotland.  Theyshow  us  how  the  rocks 
are  folded  on  the  small  scale,  while  the 
synclinal  axis  of  Xoch  Quoich  proves 
how  these  are  repeated  by  great 
troughs  and  arches.  The  large  amount 
of  repetition  thus  induced  makes  it 
no  longer  difficult  to  conceive  that  the 
gneissose  and  micaceous  flaggy  rocks 
iglilftTiilw  do  not  attain  so  gigantic  a  thickness  as  they  for- 
med to  do,  and  that  in  truth  they  need  not  be  regarded  as 
I  equal  to  the  lower  half  of  the  Siliman  system  in  other 

f  to  Banavi€. — A  transverse  section  which  wo  examined 
it  care,  and  which  perhaps  offers  the  best  natural  expo- 
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sures  of  the  rocks,  is  that  from  the  wild  headlands  of  Aiisaig  to 
the  entrance  to  the  Great  GlenatBanavie.    AiAiisMigwefoiindtlM 
qnartzose  flagstones  with  a  W.K.W.  d^  twvaiaed  lij  imiDiNnUft 
greenstone  dykes  having  a  north-wcvterily  dinctioD.    Hie  MM 
direction  of  dip  contdniies  aLong  th»  road  a  mOe  vod  a  balf  to  Am 
east  of  the  village  of  Ariaaig  *.    Tha  stnla  ava  tfaaa  lefvaed  to  Ai 

Fig.  IS.— Section  of  Boekg  on  Oa  Boadmd$  aiA$7A 
w€itfrom  nmdaimlmm. 


S.E.  for  about  half  a  mOc,  after  which  they  undid  ate  in  both  diK** 
tions,  as  is  well  shown  iilong  the  crags  near  Borrodiik%  on  LtJib  Eia 
Nuogh.  Dykes  of  grecnj^tone  with  a  N,W.  .strike  atOI  iilnFuml  H 
the  head  of  Loch  na  Nua§^  the  atnita  of  iiiioaoeoiiB  qnartMe  idiS^ 
have  a  S.E.  dip  at  high  angles.  This  innlination  ^nmtwwMM  to'Mi^ 
Loch  Aylort,  where  the  beds  aie  vertieal,  aometimea  lentetittiF 
one  side,  sometimes  to  the  other.  "Where  fhe  nmi  i 
that  arm  of  the  sea,  the  dip  is  soath-eaatedy;  but  it  ii  i 
reversed  to  the  north-w^  Kram  the  pdnt  irbmam  flw 
diverges  from  the  loch,  the  veitioal  and  contorted  afarata  am  ■ 
be  convoluted  in  rapid  arohea;  after  irbioh,  on  agnn 
sea-margin,  the  dip  is  sonth-eaBteoelj. 


At  Kinloch  Aylort,  hig^y  ndoaceous  quartzose  focka^  m  ^'^ 
marked  vertical  beds,  strike  If.  10^ t).,  which  eocactly  n!«efmblc  tiu)* 
of  Loch  Honm,  showing  the  aamc^  altemation  of  gr«y  quartio^ 
bands  with  others  stroo^T  mioieeDnst,  but  without  tiie  admixtuTt 
of  felspar.  They  are  in  plaoea  tmt  mica-schists,  iu  otherH  quarti- 
rocks.  The  glaciated  sniraoea  are  lii^re  very  appare:nt, — ^the  v^rtic^I 
strata  being  smoothed  and  deepljr  gi'oovcd  mr^mB  their  tnm«lt^ 
edges ;  the  direction  of  the  gioovings  nma  W.  3ll°^40**  H, 

About  a  mile  and  a  quarter  tnm  Kiitloth  Aylort  tbe  schmtn  a^ 
overlain  by  a  band  of  qnartioee  flat^toiie,  well  WId«i4.  tmd  in  «an^ 
beds  micaceous  and  fissfle*    The  dip  m  e^qx^ead  in  a  quany  by  t^  , 
roadside,  being  E.  30°  S.  at  77*. 

From  this  point  onward  to  fhe  hmd  of  Loch  Ailt,  another  t 
of  micaceous  quartzose  acfaiato  ooecrs.  The  melination  la  at '. 
angles,  often  vertical.    The  ainta  are  sometimes  beautifully 

*  This  IB  the  Clannumald  oooAiy^MNr  pMaeased  hj  Mr.  Duklti&^Jd  JM^* 
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t  Ault  Namnie,  where  they  are  curved  and  convolnted  as 
nch,  though  the  prevailing  dip  is  still  south-easterly, 
atershed  we  b^;in  to  meet  with  a  reversed  or  N.W.  dip. 
dcaceous  strata  are  again  traversed,  with  here  and  there 
juartzose  granite.  About  a  mile  east  of  the  watershed, 
ocks  are  exposed  in  the  bed  of  a  stream  which  is  crossed 

ot  of  Glen  Finnan,  near  the  spot  where  Prince  Charles 
Bd  his  flag,  the  dip  changes  to  N.,  and  then  immediately 
I  we  proceed  eastward  the  strike  becomes  nearly  N.  and  S., 
kta  ^adually  assume  a  more  gnarled,  twisted  appearance, 
Lg  visible  here  and  there.  Such  highly  metamorphosed 
lue  to  near  the  head  of  Loch  Eil,  where  the  micaceous 
placed  by  hard  grey  quartz-rock,  first  in  highly  twisted 
ertical  beds,  witii  granite- veins.  The  dip  then  turns  to 
t  25^,  exactly  like  the  undulating  quartz-rock  of  Glen- 
r  which  the  dip  is  reversed  to  W.  30°  N.  at  20°-25°. 
16  mile  east  from  the  head  of  the  loch  we  observed  frag- 
d  felspar  in  the  streams.  Two  miles  further  on,  the  £p 
.t  20^-25°.  At  the  distance  of  another  mile  the  south- 
still  continued,  but  at  a  very  gentle  angle, 
and  a  half  east  of  Fassafem  the  hard  grey  quartzose  beds 
N.  at  17°-20°.  Thence  they  undulate  for  four  miles 
largin  of  the  loch.  We  next  found  them  in  well-marked 
rated  by  layers  of  micaceous  schist  in  a  quarry  by  the 
here  they  (fipped  nearly  due  W.  at  25°-90°.  They  are 
Y  innumerable  veins  of  a  pink  felspathic  rock ;  and  larger 
i  dark  homblendic  rock  are  occasionally  seen.  Further 
still  continues  westerly,  and,  at  Avat,  is  at  an  angle  of 
>  30®.  Four  miles  from  Fort  WiUiam  another  quarry 
5  to  the  road,  where  hard  grey  quartz-rock,  highly  mica- 
rtain  layers,  and  even  passing  into  true  mica-schist,  dips 
at  30°-r40°.  The  rock  is  traversed  by  veins  of  quartz 
mica. 

3  church  of  Kilmallie  the  angle  becomes  much  higher, 
lip  still  continuing.  Beyond  this  we  reach  an  area  of 
tamorphism,  where  porphyry  and  granite  are  intermingled 
dusts  and  quartz-rocks  in  great  abundance  along  the 
le  Caledonian  Canal.  This  valley,  moreover,  is  obscured 
LB  accumulations  of  sand  and  gravel. 
)xed  diagram  shows  the  arrangement  of  the  strata  along 
st  described.  It  will  be  seen  that,  viewing  the  country 
ge  scale,  we  are  here  presented  with  a  wide  synclinal 
^e  schistose  series,  from  beneath  which,  along  either  side, 
dng  quartzose  rocks  come  to  the  surface. 

tion  of  the  Lower  Silurian  Qiuxriz-rocks  and  Limestones 

East  of  the  Line  of  the  Great  Olen, 
'threat  Olen  or  Caledonian  Canal. — ^We  have  shown  that  the 
DB  and  limestones  of  Sutherland  range  south-westwards 
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through  Ross-shire  into  the  Isle  of  Skye, — ^that  they  are  covered  by 
a  vast  series  of  micaceous  flaggy  or  gneissose  schists, — that  these 
are  disposed  as  a  great  synclinal  trough,  the  centre  of  which  tra- 
verses the  head  of  Glen  Shiel,  the  middle  of  Loch  Quoich,  and  the 
watershed  at  Glen  Finnan, — and  that,  by  the  curving  of  this  trough, 
the  quartzose  beds  which  form  its  outer  or  lower  edge  along  the 
western  coast  at  Aiisaig  are  brought  up  again  along  the  line  of  the 
Great  Glen. 

We  shall  now  endeavour  to  describe  the  anticlinal  arch  of  the 

Great  Glen,  and  to  point  out  how  the  same  strata  undulate  to  the 

eastward  of  that  arch  to  form  the  remainder,  or  southern  portion, 

of  the  Scottish  Highlands. 

The  remarkable  chain  of  lakes  which  extends  from  Inverness  to 

I      fort  William  presents,  even  on  the  roughest  map,  unmistakeable 

evidence  of  a  line  of  fracture  in  the  earth's  crust.     Loch  Ness, 

<Jeeper  by  many  fathoms  than  the  German  Ocean,  showed,  in  the 

Apathetic  movement  of  its  waters  during  the  Lisbon  earthquake, 

^e  depth  and  extent  of  the  fissure  which  it  occupies.     So  marked  a 

^Jie  might  justly  be  supposed  to  indicate  a  great  displacement  of  the 

'^ts.    And  yet,  though  the  fracture  is  probably  more  extensive  than 

^y  other  in  the  country,  it  has  not  been  attended,  so  far  at  least 

^  We  have  yet  been  able  to  ascertain,  with  any  marked  upheaval 

^^  depression  of  the  rocks  on  either  side.     We  at  present  regard  it 

**  a  fracture  without  a  throw,  or,  at  least,  with  such  a  throw  as  not 

*t  all  to  interfere  with  the  regularity  and  perspicuity  of  the  section. 

The  line  of  this  chain  of  lakes,  or  the  Great  Glen,  as  it  is  properly 

^^ed,  runs  along  the  line  of  an  anticlinal  axis.     West  of  the  lakes 

^e  strata  (as  we  have  seen  along  the  banks  of  Loch  Eil)  have  a 

^orth- westerly  dip ;  east  of  this  Ime  they  incline  to  the  south-east. 

Moreover,  it  would  seem  that  this  axis  lessens  in  intensity  towards 

the  north  and  increases  towards  the  south ;   in  other  words,  the 

southern  prolongation  of  the  arch  brings  up  lower  and  lower  beds, 

^hile  in  its  northern  extension  it  appears  to  be  dying  away.     As 

^e  trace  it  southward  from  the  grey  quartzose  beds  last  described  at 

^^>ch  Eil,  we  gradually  re-encounter  the  whole  of  the  Sutherland 

^d  Eoss-shire  succession  of  quartz-rocks  and  limestones,  and  ob- 

^^  thus  additional  aid  in  correlating  the  crystalline  rocks  of  the 

North- western  Highlands  with  those  of  the  central  counties. 

-^^y  and  Jura, — By  much  the  clearest  and  most  complete  series 
®^  these  repeated  strata  occurs  in  the  Islands  of  Islay  and  Jura, 
whence  they  range  north-eastward  up  the  Linnhe  Loch,  and  south- 
eastward into  Ireland.  The  annexed  figure  represents  the  struc- 
^*^  of  May  (fig.  20). 

o  I*he  rocks  which  form  the  N.W.  promontory  of  the  island  at 
?J*^aig  were  examined  by  us  under  the  disadvantage  of  a  storm  of 
J^4  and  rain.  We  ascertained,  however,  that  they  consist  of  clay- 
^t;^,  which  we  believed  to  dip  below  the  mica-schists  and  grit- 
^^^^  of  8anaig-farm.  They  are  well  exposed  on  the  shore,  first 
^^^4i  a  south-east  dip,  whici  soon  turns  to  the  north-west,  with 
*^f}h  inclination  they  appear  to  plunge  below  the  waters  of  the 
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Atlantic.  The  slate  is  cleaved  obliquely  to  the  bedding,  the  planea 
having;:,  where  we  saw  them,  a  marked  S.E.  slope.  This  rock  weathers 
ill  a  remarkahle  way  along  the  precipitous  headland  of  Sanaig.  IStwi 
thrniijrli  the  mist,  the  hills  seemed  sjilit  open  by  de-cp  narrow  fissures, 
eorrespon^linjr  ])n)bably  to  joint-planes,  while  their  steep  fac^shad 
that  pei'uliar  jaj^<::ed  asjx'et  which  so  often  results  £rom  the  weathering 
of  cleavay;!^  and  stralilieation  combined. 

If  we  {ire  correct  in  assigning  to  these  slates  a  position  inferior  to 
the  grits  and  schists  which  in  Islay  represent  the  lower  qTiartz-roek 
of  Sutherland,  it  follows  that  they  help  to  fill  up  a  gap  in  the  Siln- 
rian  stories  which  is  wanting  in  the  North.  The  Sutherland  rocks 
lUKiuestionahly  belong  to  the  lower  part  of  the  LlandeUo  series,  and 
the  Simaig  slates  would  accordingly  represent  the  position  of  the 
Lingula-tlags. 

The;  slates  are  followed  towards  the  east  by  what  we  at  present 
n^gard  as  a  superior  series  of  schist*  and  intercalated  hands  of 
(juartzose  grit.  From  this  point  then'  is  no  doubt  alwut  the  order 
of  sncfcssiun.  The  strata  dip  towtu-ds  the  south-east, — Uie  schiste 
()ccu])ying,  as  a  nih?,  the  valleys  and  low  grounds,  while  the  bands 
of  hard  grit  range  along  the  island  in  more  or  less  prominent  ridge?, 
or  even  rising  up  into  no  inconsiderable  hills.  The  schists  do  not 
differ  fi-om  those  which  have  been  airt^ady  described;  they  are 
mieareous.  chloritic,  argillaceous,  or  quartzose  in  tuiii,  and  oftt'ii 
much  contorted  in  their  lamination,  llic  grit  or  qimrtz-rock  is  a 
hard  grey  siliceous  rock,  to  which  the  old  term  "  grauwacke*'  might 
W(dl  be  a])i)lied.  These  stratu  occupy  the  whole  of  the  wwtera 
division  of  Islay,  known  as  **  the  Rhinns," — the  schistose  series  being 
sometimes  (jnarried  for  slates,  as  at  Kilchieran,  and  the  grit«  a* 
rough  building-stones.  Granitoid  rocks  and  true  syenites  are  of 
connnon  occurrence,  and  may  be  advantageously  examined  alonjrthe 
south-east  sido  of  the  promontor}'  at  Port  Charlotte*.  There,  cm  the 
sh«)r*'s  of  lAM'h-in-Daal,  the  quartzose  grau^racko  and  grey  schist, 
(lipl>ing  S.l^].  at  40",  are  traversed  by  a  red  sj-enitc,  and  arc  them- 
sclv(»s  higldy  mctamoi-phosed,  passing  into  quartz-rock  and  l}-diaii- 
stoiKs  in  wliicli  a  crystal  of  felspar  may  be  occasionally  detceteJ- 
The  dec()m])osition  of  the  syenite  here  has  produced  that  chaotic 
assemblage  of  loose  blocks  {fehen-mcer)  so  common  in  granitic 
countries.  Dykes  of  greonstcme  with  a  general  north-west  range, 
but  often  irr(\u:ular  anrl  tortuous,  also  occur  among  tlic  strata  of  tHs 
coast-line  Jis  well  as  throughout  the  entire  island. 

As  wv  trace  these  schists  and  grits  towards  the  X.E.  promoDtoiy 
of  Islay.  tlie  former  are  seen  to  become  considerably  thinner,  and  the 
seiies  then  assumes  much  more  of  a  quartzose  aspect.  This  ^^ 
]):irti(uhirly  noticed  on  the  lugh  grounds  to  the  north  of  Idaj 
House. 

The  section  (tig.  20)  shows  that  alwve  the  grits  there  is  a  sericarf 
sthists  with  three  intercalated  limestones.  ITiis  upper  series  ^ 
refer  to  the  horizon  of  the  Assynt  limestone.  It  lies  upon  a  quaiiio* 
schistose  band,  representing,  as  w^o  have  said,  the  lower  quarti-ro^ 
of  Suthei'land.     It  is  surmoimted  by  a  great  mass  of  white  quarb' 
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dvalent  of  the  upper  quartz-rock  of  the  North,  which  is 
oth  localities  by  an  upper  group  of  schists, 
it  limestone  is  seen  to  the  north-east  of  Islay  House, 
ms  for  some  nules  towards  the  north-east  in  a  broad 
a  grey  crystalline  rock,  sometimes  well  bedded,  and 
nblee  portions  of  the  Asi^t  rock.  We  could  detect  in 
r  fossils. 

between  this  and  the  next  limestone  is  probably  occu- 
most  part  by  soft  schists,  as  the  country  is  low  and 
peat.     The  second  limestone  resembles  the  first,  but 
)  of  smaller  dimensions. 

dier  interspace  of  moor,  with  here  and  there  exposures 
strata  dipping  towards  the  south-east,  we  encounter  the 
oie,  which  follows  the  curving  outline  of  the  escarpment 
ik  and  plunges  sharply  below  it.  This  limestone,  owing 
3f  the  island,  can  be  traced  further  than  the  others.     It  g| 

a  Lossit,  near  the  shore  of  the  Sound  of  Islay,  to  the 
a  distance  of  16  or  18  miles.  The  cliff  line  at  the  latter 
ds  a  good  section  of  the  junction  of  this  calcareous  seam 
ists  below  and  the  strata  of  quartz-rock  above  it. 
;  it  northward  along  the  western  slopes  of  the  mountains, 
it  has  a  regular  course  until  withm  a  few  yards  of  the 
Bound  of  Islay  ne&r  Lossit,  where  it  suddenly  wheels 
asses  towards  the  west.  By  this  means  it  avoids  enter- 
isite  island  of  Jura,  and  the  superjacent  quartz-rock  is 
westward  along  the  Islay  shores  instead  of  crossing  at 
north-east  strike  into  Jura. 

ct  between  Lossit  and  Islay  House  presents  a  confused, 
rangement  of  the  rocks.  The  various  limestones  are  no 
Bible ;  they  seem  indeed  to  become  blended  more  or  less 
d  on  crossing  the  central  valley  towards  the  north  they 
lether,  so  that  the  lower  grauwacke-grits  and  the  upper 
imite.  They  are  considerably  mineralized,  containing, 
ae  locality,  veins  of  lead  which  are  worked. 
•  limestone  is  surmounted  by  some  schistose  strata,  well 
Hull  of  Oe,  which  graduate  upward  into  white  quartz- 
;;reat  mountain-masses  of  Beinn  Bhan,  Ben  Yicker,  and 
ts,  looking  in  the  distance  as  if  capped  with  snow,  consist 
)eds  of  this  quartz-rock,  having  a  south-easterly  dip  at 
40^.  Sometimes,  however,  the  rock  has  a  red<hsh  hue 
I  granular  texture,  as  along  the  cliff  line  of  Macarthur's 
J  the  strata  have  been  considerably  broken.  Further  to 
',  even  assumes  the  character  of  a  breccia,  the  included 
onsisting  of  variously  coloured  felspathic  rocks.  The 
f  this  quartzose  mass  descend  rapidly  towards  the  east, 
3oeeded  by  a  group  of  schists  (with  intruded  beds  of 
which,  in  alternate  ridge  and  valley,  occupies  the  de- 
nmd  between  the  grey  mountain-chain  and  the  eastern 

li  (TruiB.  Q«ol.  See.  vol.  ii.  p.  413)  aaya,  "  Extensive  and  oonneot 
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The  jmiction  of  the  quartas-Tock  with  th^c  schists  can  be  \ 
many  places,  Tims  the  sea  has  cut  some  iDstnictive  eectiimfl  l 
Maearthur^B  Head,  and  still  more  cleai-ly  at  the  Mull  of  Oe.  The  I 
streams  too  which  descend  from  the  hills  in  an  easttTly  direilii^n  ba^  | 
laid  open  many  cxposnrea  of  the  rooks.  The  junetioD-Uiie  of  t)i« 
two  series  of  atrata  is  not  a  shai-p  one^  The  quartss-itjck  pasatii*  hj 
intercalations  of  schist ,  into  the  schistose  group,  and  the  UtWr,  bj 
interstratilieations  of  quartz- rot^k,  into  the  quartzose  ^roiip,  Tlie 
structure  of  this  part  of  the  island  dvidly  recalls  thai  of  the  esst 
coast  of  the  peninsula  of  Sleat  in  l^ky*^. 

The  schists  which  thus  rest  upon,  and  at  their  hase  are  inkTkwi 
with,  the  quartz -rock  vary  in  c^haracter,  being  sometimes  micaeecna, 
argillaoeous,  quartzose,  chloritic.  or  talcose.  These  changes  of  iithu- 
logical  distinction  are  so  rapid  that  it  is  iraposeible  to  give  any  (m 
mineralogical  name  to  the  gJ'oup,  or  to  map  out  its  member  bf 
minertil  characters.  Some  of  the  argillaoeoiis  beds  are  quarried  hr 
slate  in  Port  Ellen  Bay,  where  they  have  a  rude  cleavage,  fiomf  uf 
the  harder  beds  of  grit  which  occur  among  tlie  schists  have  a  gretu- 
ish  colour  and  a  slightly  chloritic  composition,  and  (as  at  Port  Elkfll 
have  been  worked  us  building-stones.  Sometimes  Uie  schisbt  are 
varied  by  the  intercalation  of  hard  micaceous  and  siliceous  tingstoutt^, 
which  arc  well  t^xposed  along  the  coast  at  ^irdimerssyj  the  rc«dcJM3i? 
of  our  very  kind  friend  Mr,  Eamiwy  of  Kildaltoa*  One  thin  caa»e 
of  limestone  occurs  at  Kin  tore. 

But  the  moat  marked  feature  of  this  schistose  scries  is  the  ^t 
number  and  extent  of  its  homblendie  green.stones,  Th«si  *?• 
grouped  in  long  pai-allol  ridges  corresponding  to  the  strike  of  &• 
strata.  They  are^  however,  beyond  all  doubt  intrusive  shoetit  sia^ 
they  alter  the  racks  along  tho  line  of  contact,  and  do  not  alwif* 
conform  to  the  beddingp  but  here  and  there  cut  across  it,  twisting 
and  hardening  the  surrounding  schists*-  Tho  same  |fn>enistpi«^ 
occur  also  in  the  quartz-rock,  but  sparingly.  Their  greiit  devr-lop' 
ment  is  among  the  schists,  where,  along  the  coast  from  Port  EDcit  t4> 
near  Macarthur's  Head,  tliey  furm  the  more  promineut  n^  *'**^ 
islets,  to  which  they  give  a  narrow  outline  and  a  uorth-eust  *n«^ 
south-west  direction,  i 

The  whole  of  the  laland  of  Islay  is  more  or  less  tniveraed  bf  ^M 
series  of  hasalt-dyk^,  which  range  in  a  general  way  from  nortJi*^ 
west  to  youth- east — a  direction  which  dbaraeteri/,ej»  all  tiie  Ut<^ 
dykes  of  the  western  coast  of  Scotlandt  These  igneous  rock*  i^* 
acra§a  every  other  rock  in  the  island.  Their  posteriority  ta  ^ 
greenstones  is  beautifully  shown  on  the  coast  south  of  Kacartbi*''* 
Head*  where  the  long  crags  of  greenstone  wliieh  run  out  to  a^a***^ 
crossed  by  veins  of  basalt  that  pasa  lixjm  reef  to  reef  with  *triloB|» 

obttemitioni!  oti  Ihlft  would  probnblj  determinp  the  troie  relative  erm  of  *^ 
qiiartas-rock,  and  filacidate  elm  further  the  dis|)Oiitioti  of  SohihftUiftti,  qI  i^^ 
and  of  tlie  north  of  i^ootland," 

*  Since  oui-  ob*crvatioti9  irere  Tiiade^  Mr.  J&meson  of  Elloo  haA  9xajnu)«d  ^ 
geo]o^  of  tJi<?  opiKJmte  nuiinbnd  of  Cats  lyre,  and  found  tliat  tho  tDhirti*^ 
afetrmvcr«^  by  a  pimilar  ftcries  oT  intruaiVG  b«da  of  greenM«tie.  w^eK  "  "*  ^ 
lalaj  and  Juri,  are  croftMd  at  right  aiigLtv  bj  a  newer  group  of  baialHijbca.      ^ 
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penistenoe.  These  dykes  may  be  seen  high  on  the  sides  of  the  grey 
qiuirtz  mountains,  and  one  is  especially  observable  a  Kttle  below  th& 
Runmit  of  Ben  Yicker. 

The  Island  of  Jnra,  the  magnificent  mountain-ranges  of  which 
ibrm  the  deer-forest  of  our  hospitable  friend  the  liord  of  Jura, 
presents  no  feature  which  has  not  been  already  noticed  in  the 
description  of  Islay.     The  limestones  and  lower  schistose  series  are, 
bowever,  wanting;    and  the  quartz-rock  attains  a  much  grander 
development  than  in  Islay,  rising  into  the  Paps  of  Jura,  2569  feet 
tbore  the  sea.     Macculloch  has  well  described  the  singular  and 
striking  view  from  the  summits  of  these  mountains,  which  altogether 
eonstitate  the  grandest  display  of  quartz-iock  to  be  seen  in  Scot- 
land*.   Nothing  can  exceed  the  distinctness  with  which  the  lines 
of  bedding  are  impressed  on  the  chSa  and  along  the  ridges.     The 
whole  island  seems  spread  out  as  in  a  map,  and  we  can   follow 
■hnost  the  line  of  each  stratum  as  it  winds  over  hill  and  crag, 
valley  and  tarn,  among  solitudes  that  are  haunted  only  by  the  red- 
deer  and  the  eagle.     Here  and  there  among  the  grey  clif&  we  detect 
the  dark  line  of  a  basalt-dyke  pursuing  the  even  tenor  of  its  way  to- 
wards the  north-west,  alike  over  precipitous  mountain  and  deep  glen. 
The  line  of  schists  which  fringe  the  eastern  coast  of  the  island 
correspond  to  those  that  occupy  the  same  part  of  Islay.     They  are 
■uo^ed  too  by  the  same  lines  of  greenstone,  ranging  into  the  beds, 
tnd  are  traversed  by  the  same  series  of  later  basalt-dykes. 

Prolongation  of  the  Islay  and  Jura  Bocks  up  the  Linnhe  Loch. — 
Ale  limestones  of  Islay,  overlain,  as  we  have  shown,  by  a  great 
^Uaitz-rock  series,  are  prolonged  towards  the  north-east  in  the  Gar- 
^^Uoch  Isles  and  the  Islands  of  lismore  and  Shuna.  The  quartz- 
'^^>ck  above  them,  after  traversing  the  length  of  Jura  and  Scarba, 
j^^Qomes  lost  beneath  the  sea.  But  we  find  traces  of  it  again,  though 
^  a  greatly  diminished  form,  along  the  eastern  shores  of  the  Linnhe 
^-^>ch,  north  of  Oban.  It  there  occurs  as  bands  of  quartz-rock  and 
^^Uirtzose  flaggy  beds  among  schists,  and  dips,  like  the  limestones 
^low  and  the  schists  above,  towards  the  south-east.  The  upper 
^listose  series,  with  its  associated  limestone  bands,  skirts  the  eastern 
jHorss  of  Jura  and  Scarba,  and  thence  nms  towards  the  north-east, 
^^nning,  with  the  addition  of  later  rocks,  the  chain  of  islands  towards 
Oban  as  well  as  a  lai^  part  of  the  mainland. 

The  crystalline  series  of  strata,  therefore,  which  is  so  clearly  ex- 
^Ubited  in  Islay,  is  continued  up  the  Linnhe  Loch,  the  rocks  having  a 
Steady  south-easterly  inclination.  This  lino  forms  one  side  of  the 
teticLmal  arch  which  has  been  pointed  out  as  coincident  with  the 
l£rection  of  the  Great  Glen,  or  line  of  the  Caledonian  Canal ;  the 
either  aide  is  lost  beneath  the  Atlantic.     In  the  reverse  or  north- 

*  Detcriptioii  of  Wettorn  IsUndi,  vol.  iL  p.  205,  &c.  See  also  Trans.  Geol.  Soa 
voL  iL,  where  he  gives  other  details.  Hie  section  of  the  order  of  superposition 
•grses  with  our  own.  He  says  that  the  qiiartz-rock  of  Jura  underlies  the  slates, 
and  oontaiss  water-worn  pebbles,  also  worm-like  cylindrical  borings,  and  that  it 
WM  "originallT  a  stratined  sandstone  which  has  been  chemically  and  me- 
dianaeaUy  altend."  (n».iH  455,  4G2-3.) 
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westerly  dip  of  tho  slates  at  Sanai 
Islay,  however,  we  sec  the  boginn 
curve,  which  is  doubtless  contiiiae 
the  north-cast  until  it  joins  the  line 
already  described  at  Loch  £il. 

One  or  two  localities  along  the  nor 
prolongation  of  the  Islay  series  were 
by  us  in  detail,  and  present  feature 
cient  importance  to  merit  80])aratc  i 
Seil  and  Ettsduh. — These  islani 
fundamentally  of  clay-slate  belong 
upper  schistose  series,  and  Ipng  on 
general  horizon  with  the  schists  i 
which  range  along  tlie  eastern  shon 
and  Jura.  The  slates  have  a  genei 
easterly  dip,  and  range  into  Lorn 
there  buried  beneath  a  mass  of  lati 
rocks,  and  partly  also  under  a  scries  • 
sandstones  and  conglomerates. 

Easdale  consists  entirely  of  slate, 
exception  of  certain  N.W.  and  S. 
stone-dykes.  Seil  presents  a  greate 
its  north-western  half  consists  of  an 
the  Lorn  trap,  resting,  apparently 
ably,  on  some  sandy  conglomerates 
in  complete  unconformity  on  tb 
These  conglomerate*  form  part  of 
series  which  in  Lorn,  as  around  ( 
along  Loch  Feochan,  underlie  th 
rocks  and  cover  over  the  slates  ui 
ably. 

The  annexed  section,  fig.  21,  ez] 
structure  of  this  island.  Without  c 
the  present  memoir  with  details,  i 
enough  to  remark  that  the  slates  yi 
from  S.  4(P  E.  to  S.  64°  E.,  and  the  a 
25°  to  S2°.  In  a  line  passing  a  litt 
west  of  Kilbrandon  Church,  and 
tho  north-cast  shore  near  some  c 
quarries,  there  appears  to  be  a  sli 
but,  with  this  exception,  no  instanct 
yrith  of  an  inclination  to  north- w( 
south-east  limb  of  the  island  has  f 
marked  ridge  nmning  parallel  to  the  strike  of  the  strata 
actlv  rtMitombles  the  ridges  along  the  eastern  flank  of  the  Isli 
tiiins,  and  consists,  like  them,  of  a  magnesian  grcenstoi 
has  been  intruded  parallel  to  the  bedding.  This  rock  is 
here,  as  in  Islay  and  Jura,  by  transverse  N.W.  and  8.E. 
greenstone  or  basalt.  Tlicse  dykes  also  cut  through  the  o 
rates  as  well  as  the  sheet  of  greenstone  to  tho  north- 
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lOj,  too,  oh  the  opposite  island  of  Easdale,  where  they 
interesting  features  in  relation  to  the  different  rates  at 
riooB  parts  of  the  dykes  cooled. 
of  Efudale  and  Sell  present  perhaps  the  most  perfect 

known  in  Scotland.  The  deavage-planes  lie  in  the 
1  as  the  bedding — ^that  is,  towards  the  south-east — ^but 
higher  angle.   The  following  list  of  observations,  taken 

across  the  strike  of  the  Seil  slates,  will  show  the  ratio 
ines: — 


cleaTage  tame  direction  at  50^. 
46''. 
42*. 

67'. 
S.  ^^        B.  42« 


lide):  slates  dip  S.  62<'  E.  at  32» 
,  „        S.  46«  E.  at  25« 

S.W0Rate8° 

S.64°E.at82« 
I  „        S.430E.at27'» 

8.  40<»  E.  at  33« 

S  52^  E  at  27^ 
r.  of  Kirk)*        S.60«E.at60<'-67*';     \\  60«-70«. 

larries)     „        obscure  dip;  „      S.  66'' E. 27**-45*. 

.oflastobs.)  S.60°E.60°-70<';  „  S.  66*  E.  40*. 
re)  „         a  66°  E.  25*;  „      8.66*        E.  62\ 

ig  of  the  slates  is  distinctly  defined  both  by  lines  of 
y  the  intercalation  of  seams  of  hard  blue  sandy  mud- 
k  of  which  also  occur  in  the  slate.  The  cleavage  is  most 
the  slate  is  finest  in  grain ;  some  of  the  sandy  beds  are 
[eavedy  and  others  show  no  cleavage  at  all.  The  sur- 
joavage-planes  are  finely  waved  or  foliated,  and  contain 
les  of  iron-pyrites, 

9re$  of  Linnhe  Loch. — ^The  slates  of  Seil  and  Easdale 
in  their  northward  prolongation  under  the  sheets  of 
id  underlying  reddish  sandstones*  that  form  so  large  a 
.  North  of  Oban,  however,  we  find  the  quarts-rock  or 
(Stones  rising  in  terraces  along  the  east  coast  of  Loch 
ially  in  the  neighbourhood  of  Port  Appin.  They  are 
he  upper  limestones  and  schists  as  in  Islay,  and  are 
lain  by  the  thick  limestone  of  Lismore.  The  section 
therefore  forms  the  counterpart  of  that  of  Islay  to  the 
at  of  Ross  and  Sutherland  to  the  north. 
. — ^The  same  order  of  succession  continues  up  the  Great 
as  we  have  already  shown,  coincides  with  the  line  of  an 
9.  The  quartzose  strata  which  have  been  described  as 
he  head  of  Loch  Eil,  and  thence  eastwards  to  Banavie, 
le  south-east,  and  are  followed  by  schistose  beds  con- 
il  seams  of  limestone.  The  stream  in  Glen  Spean,  on 
ke  of  Ben  Nevis,  shows  the  succession  well.  At  the 
dan,  quartzose  and  schistose  strata  dip  S.  55°  E.  at  a 
Quarter  of  a  mile  to  the  eastward,  quartzose  fiogstones, 
with  intercalations  of  bluish-grey  micaceous  and  tolcose 
62P  E.  at  65°  to  90°.    This  same  quartzose  series  con- 

edded,  very  hard,  greenish,  siliceous  sandstone  on  Loch  Feochan, 
it  undistingaishaue  from  many  portions  of  the  Old  Bed  Sand- 
it  of  later  age. 
HPABI  I.  Q 
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iintiei  up  the  glen  for  about  o  mile  m  nmrlj  Tfsrtital  hodit  I 

K.  16^-24^^  E.,  mtb  a  elight  inclinfttion  to  the  south  of  wrtl 
beds  are  flaggy  and  micaceous ,  and  aometimes  so  pulT#TTile 
the^r  might  bo  called  aanditoiifiiSp  Thej  arc  succeeded  b?  f 
flaggy,  very  micaceous  ichistSj  nearly  vertical^  sometimes  q 
stiikmg  N.  44°  E,  Hi^i^  a  seri^  of  bands  of  gney  cTTst^lMij 
Btouo  occurs  J  with  the  Hnes  of  stratificatiaii  weU  marked,  m 
where  layers  of  schist  1  to  4  feet  broad  are  iutercalflled  witi 
A  littlo  higher  up  the  river  some  dykes  of  fekpathic  and  hort 
greenstone  occur ^  striking  with  tho  strata  N*  34'^  E, 

The  same  schists  continue  up  the  ralley,  tliough  greatly  o 
by  deep  drift.  They  are  some  times  talcose,  sometimee  i 
quartzose,  but  usually  micaceous.  At  the  Bridge  of  Boy  the 
K.  4a°  E.  with  a  south-easterly  dip  of  from  60^-SCip. 

Here  again  therefore  we  are  pre?!ented,  along  another  line 
tion,  with  the  same  order  of  superpomtion,  Quarteose  stim 
respouding  to  the  upper  quart3tose  flaggy  series  of  Butherls 
lloiia  and  the  upper  quarto-rock  of  lykj,  piisa  up  into  a  aet  d 
whidi  in  their  lower  part  eon  tain  ealcareoua  seams,  exactl 
Sutherland*  Ross,  and  lalay. 

Loch  Levtn, — Between  the  section  just  described  and  that 
Appin  above  alluded  to,  there  is  an  excellent  transverse  exp 
the  rocks  along  the  shores  of  the  maritiino  Loch  liCveD.  Ib  i 
the  east  (tide  of  I*oehEil  from  Fort  William  southward,  the  f 
beda^  so  to  speak,  between  the  ipiartzoee  and  the  schtetosie  se 
seen  on  the  I'oad-side  muth  contorted  and  broken*  hut 
general  northerly  strike  and  easterly  dip.  As  we  approa^ 
Leven,  thick  bands  of  white  qUartz-rock  are  seen  to  eeciu 
series ;  and  on  reaching  the  margin  of  Umt  loch  we  find  th 
plunging  shai-ply  to  the  south-east*  A  bed  of  IJmaatone  ii  ( 
here,  above  which  lies  a  thick  band  of  white  quart«^roch,  ai 
come  the  true  slates  of  Ballahulish,  which  lie  oa  the  same 
with  those  of  Easdale. 

The  intercalation  of  white  quartii*rock  above  the  limeirt 
the  general  interiaeiug  of  the  quartzose  and  the  sehistose  m 
facts  of  great  importance. 

On  the  south  aide  of  Loch  Lcven  th€^  same  slates  are  waU  I 
In  spite  of  the  granite  and  porphyry  masses  which  here  ace 
have  a  marked  noii 
Eearly  vertical,  in 
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intenfntified  through  its  mass.  In  its  upper  part  it  dips  12^  S.  of 
W.  ft  about  75°  with  a  rude  oblique  cloavago.  Eastwards  the  dip 
duLBgei  to  nearly  S.W.,  and  the  angle  varies  tix)m  60°  to  70°.  The 
fimestone,  with  slaty  intorstratifications,  continues  to  occupy  tho 
ihore  for  at  least  half  a  mile,  when  it  is  underlain  by  another 
miei  of  slates  and  schistose  beds  towards  the  entrance  into  Glen  Ck>e« 
Glen  Coe. — ^As  we  ascend  this  glen  the  slates  are  succeeded  by 
^uitioie  rocks,  and  the  whole  TaUcy  is  traversed  by  a  network  of 
bnds  of  porphyry.  The  quartzose  sbrata,  however,  appear  to  have  a 
dsdded  westerly  or  north-westerly  dip,  which  towards  the  entrance 
of  the  Pass  of  Glen  Coe  becomes  very  gentle  and  then  undulatev 
to  the  8.E.  The  amount  of  alteration  now  becomes  very  great* 
Dykes  and  masses  of  felspathic  porphyry  abound,  and  it  becomes 
I  difficult  to  detect  the  actual  bedding  of  the  strata,  which  are  split 
Tertically  by  a  kind  of  jointing  or  rude  cleavage.  Towards  the  head 
of  the  Pass  the  schists  or  slates  are  again  met  with,  but  in  an  in« 
tensely  altered  condition,  having  passed  into  lydian-stone  or  jasper. 
In  spite  of  this  metamorphism,  however,  we  beheved  that  liey 
■howed  a  8.E.  dip.  Towards  King*s  House  masses  of  granite  occur  ; 
•nd  the  whole  of  this  region,  extending  eastwards  over  the  wild 
BOOT  of  Bannoch  and  southwards  among  the  mountains  of  Cruachail 
B(n,  is  eminently  met4imorphic. 

Thi  Breadalbane  Forest. — The  metamorphic  region  just  alluded 
to  forms  part  of  the  great  deer-forost  of  the  Marquis  of  Breadal« 
W,  and  is  a  good  centre  from  which  to  explore  the  geology  of  thia 
Psrt  of  the  Scottish  Highlands.     A  reference  to  previous  geological 
■>pi  will  show  that  this  extensive  tract  has   been   coloured  as 
I'peiiBs"  with  large  areas  of  granite.     In  truth,  however,  the  region 
v  not  one  of  tnie  gneiss ;  nor,  so  far  aA  we  observed,  does  the  gra- 
nite occur  in  the  large,  well-defined  areas  which  have  been  assigned 
^  jt.    On  the  contrary,  the  same  lower  quartzose  series  and  upper 
"^^uttoso  series  form  the  groundwork  here,  as  in  such  vast  areas  of 
^^  parts  of  the  Highlands,  granite  and  porphyry  occurring  abun- 
7^J  in  veins,  knobs,  hillocks,  hills — ^in  short,  in  every  variety  of 
^^  and  size,  across  the  belt  of  country  from  Ben  Cruachan  to  Looh 
^^och.     North-west  of  that  belt,  that  is.  along  the  Loch  Leven 
^1^  and  towards  Glen  Coe,  the  order  of  succession  is  plain ;«« 
*^>nth-ea8tward  through  Glen  Orchy  and  the  surrounding  country, 
^  we  shaU  immediately  see,  the  order  is  equally  clear ;  and  even 
^  the  granitified  tract  itself  we  are  at  no  loss  to  determine  along 
^hat  part  of  the  great  Lower  Silurian  series  it  lies.     There  is  no 
Inee  of  any  protrusion  of  the  lower  or  Laurentian  gneiss.    The 
%tnt]fied  rocks  indeed,  as  was  pointed  out  to  us  on  the  spot  by 
the  noble  proprietor,  arc  occasionally  homblendic ;  but  they  cannot 
properly  be  called  gneiss,  nor  can  they  for  an  instant  be  mistaken 
for  the  older  gneiss  of  tho  North-western  Highlands  and  Islands. 
The  Moor  of  Bannoch*  may  be  regarded  as  an  undulating  dome 

*  Ifaooullooh  (Tnnt.  OeoL  See.,  old  ler.,  vol.  iii.  p.  129)  deMribcs  the  Moor 
of  T»f««^*«'»  M  ft  nigged  pkteea  of  granite,  which  extends  to  the  head  of  Looh 
Bannoch,  or  for  twenty-four  milea,  and  at  **one  of  the  mott  complicated  and 
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ftf  tbo  qiiartEOflo  rocks »  with  lierc  and  there  porliapa,  wbof&  tlw  ua- 
dulationa  aro  broader  and  deeper,  an  outlier  or  btudn  of  tbo  »cJiwt«i 
aeries*  At  tbo  U ridge  of  Bab,  bo t ween  Kiag^s  House  and  Inreroartti, 
tbo  quai'teose  dagwtones  have  a  N,W,  dip»  and  rise  from  under  tbd 
highly  altered  schists  of  Glen  C^e  already  referred  to.  The  dip  ti* 
Ties  greatly  even  at  short  distances,  but  from  this  point  towoids  tiie 
south -cast  the  north -westerly  diiieetioii  is  on  the  whole  luaintiiD&i- 
It  is  well  seen  at  Locb  Tulla,  near  the  Marquis  of  Breaiklto't 
Shooting  Lodge  of  the  Black  Mount,  and  on  the  opposite  mouatoiii 
of  Ben  Or»  Ben  Dor  an,  Ben  Do,  Ben-na-ehaladcr,  and  Ben  Chrecban, 
Tbe  south-easterly  dip  is  resumed  at  the  watershed^  and  eveatuillf 
towards  Tyndnim  vre  return  again  upon  the  schists. 

Before  entering  into  tbe  details  of  the  extern  side  of  this  grait 
anticlinal  arch,  we  here  gire  the  results  of  an  excursion  by  Gl*a 
Orchy  to  Dahnally,  iind  thence  to  Craachan,  whereby  one  ofni 
defined  the  southward  limit  of  the  arch,  wlulst  the  other  explorcJ^ 
for  the  thinl  time,  from  the  hospitable  centre  of  the  Black  Moimt 

Black  Mount  bif  Glen  Orckif  to  Loch  -.4u*^.— The  qnartjwse  S^ 
stones  of  Loch  Tiilla  are  well  seen  in  tlie  channel  of  the  fttiw 
where  the  road  crosses  the  Orchy.  They  dip  N,  ^0°  W.  at  15^-^"'*' 
They  are  micaceous,  tbe  mica  being  especially  abundant  along  ^* 
planes  of  bedding,  whereby  a  fissility  is  given  to  the  rocks.  Aboat 
a  quarter  of  a  mile  below  the  briilge  the  same  qimrtzose  inicat?e(*wi 
atrata  turn  round  to  due  N .,  bnt  a  short  way  down  ther  resume  their 
dip  to  F.  2^  W.  at  20^-^30^.  Here  they  are  well-mitrked  flag- 
stones, each  flag  being  separated  fi^ra  its  neighbours  by  plat^  ^ 
silvery  mica,  As  we  descend  the  stream  the  character  of  the  t^^ 
continues  the  same  for  several  miles,  but  the  dip  gradually  vecri 
round  to  W.J  W,  by  S,,  and  S.W.,  at  tbe  same  gentle  mclinationi  bT 
this  change  the  series  is  slowly  repeated ;  and  the  beds  eventnaltT 
becoming  more  and  more  micaceous,  are,  in  fact,  in  many  pkec 
mica -schist*  At  Achenafamch,  near  the  bottom  of  Glen  Ordiy,  i 
of  white  quartz- rock  is  seen  descending  obliquely  tlie  weit  i 
the  valley  with  a  south-westerly  dip.  It  is  clearly  undeHaiii  ^ 
some  darker  micaceous  beds  and  covered  by  others  of  a  simS**^ 
kind.  At  the  bottom  of  the  glen,  whei-e  the  two  roads  meol,  iichi«M>^ 
micaceous  strata  dip  "W.  by  S.  at  25^  or  3iP,  They  are  travel^  W 
a  dyke  of  augitic  greenstone,  which  runs  W.  10"^  N.^  rises  along  tl** 
hillside  to  the  north  of  the  Orchy,  and  crones  the  valley  at  the  hi?^* 
of  Loch  Awe  near  Btronmelcli.  In  Professor  Kieol'a  Map  thin  dy*^ 
is  marked  as  having  a  N.N.E.  strike*  A  parallel  ridge  to  the  soi**^ 
may  possibly  mark  the  line  of  another  dyke,  but  we  did  not  exanii** 
it.  About  a  mile  and  a  half  before  r^'aching  Dalmally  some  fljjgtf 
schistose  beds  arc  seen  in  a  brook  by  the  roadside,  dipping  8>  hf^^ 

In  the  streamlet  close  to  the  inn  rjf  Dalmolly,  fi^ile  mica-iehi^ 
dips  S,  16°  W*  at  55^-  and  a  short  way  farther  west,  in  an  old  qu 

mtar««dn^  ctinti-ii^tain  the  wboV  raupp  of  SeoUish  ^logy/*  Thu  grwiutit^i 
B6utli-w«^w«rd.4  mto  tbe*  shoulders  of  the  mountatn*  to  the  smith  at  tli«  .^ 
Hou»e,  wher?  it  was  poiijted  out  to  m  b j  Lord  Brcadjilbona  ia  the  old  mi'M^ 
T<md  of  Msralinl  Wade,  And  where  it  is  uot  nurked  in  proTiotu  mi 
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te  8tnta  are  highly  argillaceous  as  well  as  micaceous,  (lipping  S.  60° 
\  at  42°.  At  the  manse  a  seam  of  limestone  was  formerly  quarried. 
Icre  the  road  crosses  the  Orchy,  sandy  micaceous  schist  dips  S.  60° 
'.  at  45®  to  55°.  The  same  south-westerly  inclination  continues 
irards  the  head  of  Loch  Awe.  Beyond  Stronmelch,  the  greenstone 
ie  aheady  described  descends  from  the  hillside  and  plunges  below 
irift-covered  peaty  plain.  The  strata  at  the  head  of  Loch  Awe 
an  to  be  greatly  contorted,  having  in  places  oven  a  north-westerly 
X  Another  dyke  of  greenstone,  possibly  a  prolongation  of  the  second 
ige  at  the  foot  of  Glen  Orchy,  which  we  conjectured  to  consist  of 
senstone,  crosses  the  road  on  the  west  side  of  the  Loch  Awe  vaUey 
short  way  south  of  the  point  where  the  road  crosses  the  Main 
Iter.  Quarter  of  a  mile  from  the  bridge  a  streamlet  has  laid  open 
;ood  section  of  some  quartzose  flagstones,  micaceous  and  chloritic, 
«  S.  52°  W.  at  35°  to  40°. 

We  made  copious  notes  of  the  section  along  the  western  shore  of 
ch  Awe  to  the  outlet  of  the  river,  but  we  need  only  cite  here  one 
two  of  the  more  important  facts.  The  dip,  sometimes  reversed 
i  frequently  varying,  maintains  on  the  whole  a  south-westerly 
ection,  and  the  strata  become  very  schistose  as  we  ascend  in  the 
iea.  Mica,  chlorite,  and  talc  are  the  distinguishing  minerals, 
■out  seven  miles  from  Dalmally  a  bed  of  hard  siliceous  limestono 
niB,  with  occasionally  a  green  serpentine  colour,  and  many  thin 
ooBe  seams.  It  also  contains  lenticular  masses  of  white  quartz, 
1  dips  S.  54°  W.  at  48°.  Above  this  limestone  come  several 
ler  Imnds  of  a  simDar  rock,  forming  as  a  whole  a  thick  limestono 
ie«.  Serpentine  abounds,  giving  the  beds  a  green  colour.  Felspar- 
l>hyiy  is  also  abundant,  both  in  the  form  of  beds  parallel  to  the 
nes  of  stratification,  and  also  as  veins  cutting  through  the  strata 
ignlarly.  This  porphyry  deserves  remark.  Where  disposed  in  a 
Ued  form,  it  is  traversed  by  lines  of  quartz  corresponding  exactly 
the  lines  of  bedding  of  the  adjacent  limestones  and  schists.  It 
tains  much  talc,  which,  however,  is  invisible  in  the  cross  fracture, 

shows  a  silvery  surface  along  lines  parallel  to  the  bedding-planes. 
lerwiae  the  rock  appears  to  consist  mainly  of  pink  felspar.  Tho 
set  of  these  porphyries  more  than  once  suggested  the  idea  that  they 
e  only  more  highly  mineralized  portions  of  the  stratified  series 
:  had  been  metamorphosed  in  ^itii. 

he  schists  with  innumerable  dykes  and  veins  continue  down  tho 
i  of  Loch  Awe.  They  appear  eventually  to  be  reversed  to  S.E., 
^ing  thus  the  commencement  of  the  other  side  of  the  trough 
ch  begins  with  the  south-westerly  dip  of  the  strata  in  Glen 
by.  The  granitic  region  of  Cruachan  Ben  intcn-enes  between 
Awe  and  Loch  Leven,  rendering  a  careful  examination  necessary 
tie  the  geological  lines  at  these  places  can  bo  safely  joined.     In 

meantime,  however,  we  regard  the  synclinal  trough  of  Balla- 
Lah  as  a  continuation  of  that  of  the  Awe — an  inference  which 

general  strike  of  tho  strata  at  both  localities  and  over  part  of 

intnmediato  ground  seems  to  render  probable. 
DubnaUtf  to  Tyndrum, — ^The  section  up  the  glen  from  Dalmally 
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to  Tyndmm  is  very  instructive.     Tlie  djke  whii:h  has  hem  almdy 
noticed  as  trending  in  a  W.N.W.  direction  from  the  head  <jf  Wi 
Awe  to  the  foot  of  Glen  Orehy,  run»  dang  the  northern  sidi  ^ 
this  glen  for  ahout  five  miles  from  Dalmally,  beyond  whii^  m 
jBuled  to  trace  it.  The  schistofle  rocks^  seeo  where  th^'  two  ro«de  joii, 
are  socoeeded  hy  inferior  beds  of  quartEoae  Eo^stoniMt  odeo  \a^ 
micaceouB.     These  gradually  ohangi^  their  dip  from  E^.W«  tg  ^^,  §d 
to  8.  by  £.  and  S.E.     The  angle  o?  inclination  in  genUo  (Id""-^ 
so  that  the  same  beds  whieh  ocoor  at  tht^  top  of  the  hilkidii  m  iM 
nde  of  the  glen  are  seen  at  a  lower  lav^cl  on  the  otherj  the  3*E.  ik 
iMdng  steeper,  since  it  is  the  OBcanment,  and  the  nortb-wist  liJi 
more  shelving,  the  slope  often  neanj  t^jmeiding  with  the  dip  laf  fb 
•trata.     As  we  ascend,  the  oUiqiw  dm^ction  of  the  glen  brinp  li- 
across  the  strata  in  a  gradually  asoending  progression  imlil  w«  imt^ 
again  at  the  micaceous  schists.  These  m^  seen  in  tho  strettJBi  smuni. 
Gl^^drum,  where  they  have  a  marked  8.E.  dip. 

From  this  section  it  is  erideoft  that  ihi^  anticlinal  an^  of  tb» 
Breadalbane  Forest  sinks  down  towjards  the  ionth  h^low  tb«  Myativ 
which  curve  round  the  quartsose  ■aries  in  a  widiB  »emicinnilar  nwm^ 
that  extends  from  the  flanks  of  CSmaehan  by  Dalmally  to  Tyn^inuo. 

T?ie  Black  Mount  to  Tyndrum^r^Thc  quarUoee  flagstonea  d  U(^ 
Tulla  ascending  into  the  JSen-Bo  nng«  havo  there  n  maikMl  uMtJi- 
westerly  dip,  with  a  gentle  indinatian  of  10^  or  15°,     Ascendii^  \ry 
the  road  from  Orchy  Bridge  we  find  the  flaggy  bods  well  e^poe«d  m 
ravines  and  cuttings  by  the  wayadc.    The  north-westerly  dip  md 
gentle  angle  continue  until  towardis  the  watershed,  when  the  b«d» 
begin  to  incHne  to  the  north,  then  gruduaUj  to  the  north -cut  ii^ 
east,  until,  when  the  summit  of  the  road  is  reached^  they  take  s  d»^ 
cided  south-easterly  dip,  and  a  higher  angle  than  on  the  lu^?^— 
western  side.     By  this  means  the  flaggy  bed^  tire  it^peatad,  sod  ^* 
speedily  pass  into  the  schists  that  ofvurlie  them* 

The  axis  of  the  Ben-Do  and  Ben-na^ehalader  chain  &tn!lm  t«^" 
wards  the  north-east  into  the  Brae  Lyon  mQimtiiine.  It  is,  h^wtro^* 
only  a  minor  anticlinal  fiild  along  the  great  arch  of  qnart^ieei  TodiM 
which  we  have  defined  as  ranging  through  the  Breadalbona  Pon^ 
from  Ben  Cruachan  to  Olen  Bannoch,  beyond  which  It  fltnUh^* 
away  into  Atholl  Forest  and  the  heart  of  tho  Gmmpian  Motmtiis** 

It  remains  now  to  describe  the  dti$po«ition  of  thi^  ichista  u  tti^ 
fold  round  the  south-eastern  side  of  tiii>$  great  an^h.  | 

Tyndrum  to  LocJi  Tay, — From  1^  odnim  down  Glon  Boohart  tiw 
BchiBts  have  a  south-easteriy  dip  at  from  10^  to  15"^,  Thej(30^" 
sionally  become  highly  altered,  lunvever,  with  a  more  rapid  d^< 
About  a  mile  N.W.  from  Grianlariohi  limestone  in  qnarried*  It  i>  ^ 
hard,  blue,  crystalline  and  fissile  limastoQe  with  nuineroujs  pm^^' . 
pentinous  and  talcose  interiaminationis,  us  at  I^och  Awe*.  ' 

At  Loch  Doohart  the  schistose  or  gueisso^  etmta  art'  muoh  gtiiW 
and  twisted,  dipping  in  various  direcdoui  from  X.E*  ta  ^.K*  ^ 
whole  of  the  valley  of  the  Doohart  is  more  or  lem  obficujt4  by  ^^i 

»  See  thii  limeftoas  dswribsd  Iqr  Dend  Forbe«.  QoArt.  Joura.  0«ol  ^ 
vol  XL  p.  166. 
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aad  the  rocks  are  consequently  for  long  distances  obscured.  As  we 
approach  Loib  the  dip  appears  on  the  whole  north-easterly.  There 
tbe  bedi  seem  undulating  along  an  E.N.E.  axis  ;  but  they  may  pos- 
sEUy  be  reversed  to  N.W.  Near  Luib  wo  saw  no  rock  decidedly  in 
plaee ;  bat  some  exposed  ledges  appeared  to  have  a  N.W.  dip. 

To  the  north-east  of  Luib,  limestono  has  been  worked  on  both 
fldei  of  the  glen.  The  seam  appears  to  run  along  the  north-west 
■de,  sad  is  at  present  quarried  on  the  dedivity  a  short  way  west  of 
ISin,  Mow  the  limestone  in  the  bed  of  the  river,  flagstones  are 
sen  nearly  horizontal,  evidently  the  beginning  of  the  quartzose  series. 
Thni  fix>m  Tyndrum  to  Killin  we  cross  obliquely  a  synclinal 
tnigh  of  the  schists  with  limestone  at  either  side,  below  which  lie 
tte  miartcose  flagstones.  This  trough  extends  north-eastward  by 
tm  Lawen  and  Strath  Tummel  to  l£e  head  of  Glenshee,  whence  it 
^pean  to  enter  the  Grampians.  To  the  south-east  it  is  prolonged 
wf  the  head  of  Loch  Fyne  to  the  Atlantic  at  Loch  Swene. 

Im^  Tay*. — ^This  magniflcent  sheet  of  water  occupies  the  line 
eCanothw  anticlinal  arch.  The  limestone  just  referred  to  as  ocour- 
mg  to  the  west  of  Killin,  sweeps  along  the  north-west  side  of  the 
UbB»  and  plunges  below  Ben  Lawers.  In  reality  there  are  several 
Kaeetones  hero,  as  there  are  at  Loch  Awe ;  but  wo  did  not  stay 
ti  note  the  details^  being  satisfied  that  the  whole  formed  a  calca- 
Mk  gnmp  above  the  flagstones  and  below  the  schists.  On  the 
Mnth-east  side  of  Loch  Tay  the  limestones  also  occur,  having  a 
"^-easterly  dip,  and  passing  under  the  schists,  which  here,  as  at 
^ndnun,  contain  the  well-known  metalliferous  veins  worked  by  the 
larqms  of  Broadalbanef. 

We  are  not  aware  how  far  the  limestones  stretch  towards  the 
I'^th-west.  Those  of  Loch-Eam-Hcad  appear  to  belong  to  another 
*^.  Towards  the  north-east  of  Loch  Tay  they  are  soon  lost,  but 
''^■ppear  in  the  valley  of  the  Tummel  at  Pitlochiie. 

The  numerous  sections  along  the  side  of  Loch  Tay  afEbrd  ample 
•^^^  for  working  out  the  details  of  this  region.  There  is  no  more 
^^ntiful  district  in  Scotland,  nor,  at  the  same  time,  one  where  the 
KMogist  might  better  acquaint  himself  with  the  order  of  super* 
tHtttion,  lithological  characters,  and  mineralogicol  riches  of  the 
y^oonger  portion  of  the  crystalline  rocks  of  the  Highlands. 

Loch  Taij  io  Glen  Lyon. — ^This  traverso  of  the  mountain-ridge  of 
feen  Lawers  need  not  be  detailed.  It  shows  the  limestones  of  Loch 
l!ay  plunging  below  the  schists  of  the  ridge,  which  arc  often  crumpled 
«nd  contorted.     On  the  north-west  side  the  dip  changes  to  south-* 

*  It  gives  U0  great  satisfiiction  to  state  that  before  entering  upon  our  labours 
of  the  hflt  summer,  Professor  Harkness  had  the  kindness  to  furnish  us  with 
eoloured  sections  miado  by  him  during  an  earlier  part  of  the  same  year,  of  part 
of  the  ooontry  to  the  south-east  of  the  line  of  the  Caledonian  Canal.  His  r»» 
■safches  wars,  we  found,  in  complete  harmony  with  our  own ;  and  his  seotion  of 
BsD  Lawers  especially  was  of  great  use  to  us.  He  has  since  furtlier  extended 
Ui  obserrstioDB  into  the  North  of  Ireland,  and  found  there  the  same  order  of 
■DDOMMon  among  Uie  crystalline  rocks,  as  will  diortly  appear  in  a  paper  com- 
annieiited  by  him  to  the  Society. 

t  See  Quart.  Joum.  QwA,  Soc.  vol.  syL  p.  421,  Ac, 
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cuaty  and  the  cniiupkd  cellists  are  i(^j>eatc(l,  tuitil  at  Glen  Ljon  the 
limeetono  emerges  from  below  them,  tbUowed  iii  itii  ttini,  m  iiiui]» 
by  the  quartz-rock.  Thus  the  enormoiis  massa  of  Ben  La^-cis,  like 
many  other  mountains  in  idootlaiul,  ua  well  an  elsewhere,  actuillf 
occupies  a  synclinal  trough,  while  the  deep  valley  of  Loch  Ti*Tr  like 
that  of  the  Great  Glen,  runs  along  aix  a]ntitlinal  arch. 

Loch  Tay  to  Loch  llannoch, — ^The  mount ainoiL**  rood  from  Kea- 
more,  by  the  north-east  flank  of  Stihk'lmllicn  to  Loch  Eaimufi* 
affords  a  cross  section  of  the  uppei  aehkto^  beds  in  theii-  proloaga* 
tion  along  the  synclinal  axia  of  Ben  LaweiT^t  \nth  the  lime*Me 
below  them  and  the  imderlying  quartic-roelt,  to  perhaps  a  greater 
depth  than  any  other  locality  in  the  Central  Highlands.  The  north- 
west dip  of  the  schists  continues  ft>r  some  miles  beytmd  Ke^tnurc. 
At  the  waterfall  close  to  the  road,  north  of  where  it  crosses  tlie  Rntr 
Lyon,  the  dip  is  N.  16*^  to  30°  W.  About  n  mQc  south  i^f  tbcMTiiti- 
hridge  toll-gate  the  dip  changes  again  to  S.E.,  forming  thus  tb 
nortibi- western  side  of  the  trough.  As  we  proceed,  i(vo  find  the  lime- 
stone rising  again  in  great  force  from  under  the  schists.  It  is  qtiai- 
ried  at  the  end  of  Loch  Kinardoch}',  where  it  resembles  the  Lpdi 
Tay  limestones,  but  is  greatly  contorted.  We  believe  that  from  to 
point  it  ranges  across  Strath  Tommdf  and  jobs  the  great  limestone 
series  of  Blair- Atholl,  with  which  it  is  undoubtedly  i(ieiitjcil- 
Following  that  branch  of  the  road  which  strikes  to  the  left  toTrarf* 
Kannoch,  we  come  to  grey  mioaeeous  flagstones  dipping  S.  26°  E.  it 
from  55*^  to  nearly  90°.  Yeina  of  a  red  felspar- porphyry  are  iK>t 
unfrequent.  About  four  miles  from  Loch  Kannoch,  after  pesaaf 
over  a  great  thickness  of  qnarfaw-niicaceous  flagstones,  the  rod 
enters  a  thick  zone  of  limestone,  which  when  first  seen  b  cotci^ 
by  dark  silky  schists,  and  has  a  B*E,  dip.  It  soon  rolls  over,  how- 
ever, and  appears  to  undulate,  often  in  sharp  folds,  for  a  long  w^T* 
after  which  the  ground  becomes  obscured  by  drift  until  Xialoc^ 
Bannoch  is  reached. 

The  section  along  the  north  side  of  the  valley  eastward  Cn^ 
Kinloch  Rannoch  shows  that  quarto-rock^   scnnetim^  as  thiel^' 
bedded  and  brilliantly  white  as  that  of  Sutherland  or  of  Jurn,  scb*^' 
times  flaggy  and  micaceous,  underlies  the  limestone.     Kear  the  i^* 
the  flagstones  dip  E.  at  55%  and  ore  probably  inti'miiiig:led  '^^^^ 
syenite,  largo  blocks  of  which  strew  the  hilli*ide.     At  Dmmiha*^ 
the  limestone  occurs  again,  having  crossed  the  valley  of  the  Sanii<7^' 
and  it  here  dips  E.  8°  N.  at  06®.     It  is  flaggy  and  finely  latoinat^ 
and  is  associated  with  dark  SGhisiSy  as  on  the  gouth  side.    Aboine  ^ 
limestone,  white  quartz-rock  and  flaggy  beds  supervene. 

The  subjoined  figure  represents  the  section  from  Loch  Kin^^ 
dochy  to  Loch  Bannodi.  It  wfll  be  &cen  that  the  limestone  td  ^^^ 
former  locality  lies  below  schists,  and,  as  t*  e  have  secn^  repre««^**: 
the  calcareous  bands  between  the  « biflts  end  the  qimrt«<vse  series  *^ 
Loch  Tay,  and  indeed  throughoat  the  wholo  Highland  i-egion.  U^^' 
low  this  limestone  come  the  nsoal  qimrlisose  strata.  These  llo*^** 
the  higher  part  of  the  giant  Peak  of  Stbicliallien.  liut  tbcy  are  t**^*^ 
underlain  by  a  thick  Umestcnei  and  that  by  aaothor  quarts- 
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-a  much  more  complete  series  than  appears  to  oeciir  any- 
ke  cast  of  the  line  of  the  Caledonian  Canal. 

Fig.  22.— /SVc^ion  of  Schiehallkn,  Ptrthshire. 

Schiehallicn.  S.E. 


Loch 


QoarU-rock  with  some  ichut  and  a  bed  of  liine»tone.  Schittt  and  a  bed 

of  limestone. 

6  time  when  our  ohservations  were  made,  we  helicvcd  that 
econd  limestone  we  had  found  the  prolongation  of  the  great 
dcareous  zone  which  in  Sutherland  and  Koss,  as  well  as  far 
mthward,  in  Islay,  suhdivides  the  quartzose  group  into  an 
nd  an  under  series.  The  extension  of  our  survey  to  the 
id  to  the  east  served  to  confirm  this  inference.  We  found 
»tone  as  it  stretched  northward  become  thinner,  until,  not 
»nd  Glen  Erochie  Inn  (above  which,  on  the  north  side  of  the 
it  has  been  worked),  it  appears  to  die  away  altogether ;  and 
lot  occur  in  the  consecutive  section  along  the  channel  of  the 
any. 

then,  along  the  great  anticlinal  axis  of  the  Breadalbane 
Iready  described,  there  is  a  lower  part  of  the  series  brought 
at  any  other  locality  throughout  this  tract.  It  is  important 
rk,  too,  that  the  greater  extent  of  the  curve  only  serves  to 
p  strata  already  known  in  other  districts,  and  which  coidd 
sn  confidently  predicted  to  exist  here,  as  soon  as  it  had  been 
led  that  there  occurred  a  lower  set  of  beds  than  the  flag- 
f  tlie  Black  Mount.  Thus  confirmatory  evidence  is  obtained 
yirectness  of  the  present  explication  of  the  order  of  succession 
3ut  the  Central  Highlands. 

leardoch  to  Blair*. — As  the  road  winds  over  the  hills  from 
ochie  to  Dalnacardoch,  a  marked  dyke  of  porphyritic  felstone 
mblende  strikes  through  the  limestone  and  the  micaceous 
»  in  a  nearly  north  and  south  direction,  and  runs  for  a  long 
thward.  It  occurs  again  in  the  bed  of  the  Garry,  at  Dalna- 
Inn,  and  on  the  hill  above  the  road,  Tvith  a  breadth  of  15  or 
and  a  strike  from  S.S.W.  to  N.N.E.  How  much  further 
extends  we  did  not  ascertain. 
Ib  an  admirable  section  of  the  quartzose  series  along  the  bed 

trad;  according  to  Maccidloch  (Trans.  Gcol.  See.  let  series,  vol.  iii. 
I  wholly,  or  in  great  measure,  composed  of  bard  argillaceous  schist^  gra. 
nto  argillaceous  quartz-rock,  and  more  rarely  into  mica-fcliiat;»  with 
)  and  there  dispersed  through  it 
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of  the  River  Garr}-,  both  above  and  below  Dalnacardoch.  Abov 
inn,  the  quartz-rock,  in  well-bedded  fiissilo  flagstones,  dips  to  the 
at  an  average  anj^le  of  30^  to  35^  Several  small  dvkes  of  fel 
porphyry,  running  along  the  strike  of  the  beds,  occur  about  t 
quarters  of  a  mUe  lo  the  north-west  of  Dalnacardoch.  The  » 
easterly  (lij>  continues  fur  three  miles  up  the  Oarr}',  though  to^ 
the  end  of  tlial  distance  it  becomes  subject  to  undulations,  sh( 
that  th(»  strata  are  on  the  eve  of  turning  over  in  an  opposite  ( 
tion.  This  rovei-sed  or  X.W.  dip  is  well  seen  in  the  ehanne 
torrent  on  the  right-hand  side  of  the  glen,  about  throe  miles 
of  Dalnacardoch.  There,  grey  flaggy  quartz-rock  dips  X.  4: 
at  about  3(J^.  The  stream  has  brought  down  an  immense  qui 
of  shingle  from  the  hillsides,  chiefly  of  grey  quartx-rock,  with 
few  fragments  of  red(Ush  felsi)ar-porphyiy .  Above  this,  the  b 
of  the  valley  is  drifty  and  alluvitd;  but  the  colour  and  foi 
the  bounding  mountains  left  us  in  no  doubt  that  the  same  qua 
series  extends  northward  beyond  the  Pass  of  Drummuchtcr. 

The  descent  of  the  Garry  from  Dalnacardoch  exhibits  a 
ascending  section  of  quartzose  flagstones,  occasionally  schistofi 
micaceouH.  The  dip  is  as  nearly  as  may  be  S.E.,  and  the 
ranges  from  2o'^  to  60^  or  70^.  Even  allowing  for  some  redu 
tions,  the  thickness  of  tins  series  must  be  very  great.  Her 
there,  as  at  o^,  4j[,  and  4^  miles  respectively  from  Blair,  dyke 
masses  of  felsi)ar-porphyry  occur,  T\ith  a  general  strike  from  N. 
to  8.  by  W.  Two  miles  and  a  half  from  Blair  the  series  is  termi 
by  the  superposition  of  a  very  tliick  limestone  series. 

Blair- AtJinll  and  Glen  Tilt. — In  following  out  the  curvatun 
breaks  c»f  the  rock-masses  and  their  reappearances  in  a  reguL 
quence  as  we  proceeded  from  the  north-west  to  the  south-east, 
evident,  from  proofs  of  superposition  only,  that  when  we  came ' 
south-western  flank  of  the  Grampians  we  had  once  more  reach* 
upper  crystalline  series.  On  a  former  occasion  a  similar  aacc 
succession  to  the  younger  stratified  crystalline  schists,  whethc 
caccous,  quartzose,  or  ehloritic,  with  bands  of  gneissic  characti 
argillaceous  slates,  had  been  traced  from  the  heart  of  Ross  and  1 
ness  to  the  northern,  eastern,  and  south-eastern  flanks  of  the  ( 
pians,  as  seen  in  the  counties  of  !Moray,  Banfl',  Aberdeen,  Kinca 
and  Forfar*.     To  the  last  of  these  tracts  we  shall  presently  » 

In  examining  tlie  south-western  flanks  of  the  Grampian 
near  Blair-Atholl.  it  was  indeed  quite  manifest,  judging  evci 
the  flagi^y  and  schistose  characters  of  the  rocks,  that  we  were  a 
among  sti-ata  superior  at  all  events  to  the  lower  qnartz-roc 
limestones  of  tlie  north-west.  Glossy  shillat  with  micaceous  8 
resting  upon  granular  quartz-rocks  and  limestones,  and  even 
nating  with  them,  piTsented  to  the  eye  a  mineral  devclopmei 
known  in  the  lower  members  of  the  altered  Silurian  rocka 
North-west,  and  wholly  uidike  anything  in  the  Cambrian  roc! 
fundamental  gneiss  of  the  outer  Hebrides  and  tho  west  oc 
fc^utherland. 

*  Quart.  Joum.  GeoL  Soc.  vol.  zr.  p.  369  ti  teq.,  and  vol.  sri.  p.  287i 
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tw  npon  the  ground  rendered  classic  by  the  researches 
kyfair,  and  Webb  Seymour,  in  which,  with  the  memoir 
ationed  of  these  eminent  men  in  hand,  we  had  only  to 
uthfulness  of  their  descriptions  *,  which  show,  even 
ninntest  details,  the  infinite  ruptures  of  such  strata, 
t  directions,  and  their  varied  phases  of  metamorphism, 
et  with  or  in  the  proximity  of  the  syenites  and  gre«n« 
legion. 

jhii  and  his  associate  Lord  Webb  Seymour  had  here 
[mens  which  in  one  and  the  same  escarpment  on  the 
B  Tilt  (not  exceeding  600  feet  in  height)  offered  proofk 
limestone  and  quartz-rock  were  surmounted  by  mica-* 
iss,  the  latter  again  alternating  with  thin  quartfose 
■eat  yariety  of  compound  rocks  detected  by  these  close- 
lorers,  firom  a  small  area  on  the  banks  of  the  Tilt  an4 
bt  once  demonstrated  to  us  that  along  the  flanks  of  the 
are  exists  a  richness  and  variety  of  mineral  develop-p 
I  unknown  in  the  oldest  members  of  the  series  to  ^6 
Thus,  Lord  Webb  Seymour  cites  many  compounds  ai 
felspar,  hornblende,  actinolite,  compact  dolomitet,  talc, 
terpentine,  mixed  in  a  great  variety  of  combinations 
it  proportions  t* 

9  tract  of  Qlen  Tilt  we  saw  cause  and  effect  admirably 
minted  out  by  Hutton,  Playfedr,  and  Seymour.  With 
Lte,  syenite,  and  porphyry  at  hand  (mere  spurs,  ho wever, 
Q  granitic  and  porphyritic  masses  of  the  Grampians)  we 
rstood  how  some  of  these  younger  crystalline  strata 
rerted  into  the  gneiss  of  the  above-mentioned  authors, 
me  associated  here  and  there  with  granular  quarta-» 
astone,  in  which  the  signs  of  their  having  been  ori- 
x>nes  and  calcareous  mudstones  could  not  be  doubted. 
<ous  disruptions  in  the  tract  east  of  Blair- AthoU  have 
trata  into  a  multitude  of  fragments,  as  will  be  best 
r  referring  to  Lord  Webb  Seymour's  diagrams,  and 
)  plate  20  of  his  Memoir,  in  which  upwards  of  forty 
itnke  §  and  dip  of  the  beds  are  given.    Whilst  most 

[  with  UB  the  memoir  of  Lord  Webb  Seymour,  we  were  indebted 

>f  AthoU  for  the  loan  of  it ;  whilst  the  Duke  laid  open  to  ub  the 

Tilt  by  giying  us  as  our  guide  his  head-forester. 

>  Sevmour  notes  that  compact  dolomite  is  found  in  G-lenelg  and 

MO  round  there  so  much  actinolite  as  to  form,  in  fiMst,  actinolits^ 

At  taloose  schist  as  well  as  granular  limestone.    It  wiU  therefore 

B  superior  position  we  haro  assigned  to  the  rocks  of  Kintail, 

GHenelg  is  lx>me  out  by  their  mitral  characters  also  and  their 

I  nx^  of  Olen  Tilt 

;  Soc.  Edinburgh,  vol.  rii.  p.  317. 

*9intch*  has  been  used  by  these  eminent  Scottish  geologists  to 

stion  as  at  right  angles  to  the  dip  of  the  strata ;  and  we  almoifc 

lindiul  of  the  earlier  employment  of  this  appropriate  term,  one 

A  with  PirofesBor  Sedgwick,  was  the  first  to  reoommeiid  the 

» void  s6^  from  the  German  "BUdchen"  of  r 

li.  OeoL  0oe.,  2iid  Mnee,  vol  iu.  p.  977  (aoto). 
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(•t  tlu>e  nia>-(  -^  j»ix.-t'iN('  llic  ii«.'iii;::l  >tnkv  of"  X.K.  iiiul  >.\V..  \\iiL 
cousidorablf  deviations,  however,  to  the  N.  and  iS.  of  E.,  there  are 
examples  (if  east  and  west  dircetions;  and  we  meet  with  othen 
(partieuhirly  higli  up  the  Tilt,  hot  ween  the  Cloohan  and  the  Tarff) 
where  the  strata  striking  from  S.E.  to  ^.W.  arc  there  plated  at 
light  angk's  to  the  direetion  of  the  normal  masses.  This  takes  place 
where  intervening  syenitic  and  granitic  roeks  occur,  the  stratified 
rooks  being  arranged  Avith  divergent  stiikes  and  dip  around  sadi 
amorphous  bosses. 

In  faet,  it  is  siiftieient  to  ascend  the  BanaAie  Bum  from  the  Castle 
of  lUair  for  lialf  a  mile  to  see  every  possible  discordant  break  among 
strata  of  limestones  and  schists  "which  have  been  penetrated  by 
porj)hyritic  and  syenitic  rocks. 

Wo  do  not  pr(^tcnd  to  have  succeeded  in  unraveling  the  geolo- 
gical structure  of  tliis  most  difficult  and  intricate  region.  There 
arc  probably  some  powerful  faults,  whereby  parts  of  the  series  are 
repeated,  while  other  portions  are  concealed  from  view ;  but  we 
could  not  satisfy  oiu-selvcs  as  to  the  exact  position  of  any  one 
dislocation.  Ik'sides  faults,  however,  the  district  is  greatly  compli- 
cated by  the  eurvings  and  twistings  of  the  beds,  so  carelullyand 
completely  investigated  by  Playfair  and  "Webb  Seymour*,  and  by 
Macculloeht. 

We  are  unalde  to  decide  what  relation  the  limestone  of  Loch  Ban- 
noeh  and  Glen  Erochie  bears  to  that  of  Inverveck — the  point  where 
limestone  is  first  seen  in  descending  the  Garrj*.  If  we  could  suc- 
C(?ed  in  identiiying  them,  probably  a  gi-eat  part  of  our  difficnlty 
would  be  removed.  The  rock  at  Inverveck  on  the  south-wc&t  ttij 
of  the  Garry,  iM  miles  from  Blair-AthoU,  is  a  white,  grey,  or  green- 
ish crystalline  roek.  sometimes  almost  a  steatite,  with  pale  leek- 
green,  talcosc;  lamiiue.  Tbc  strata  are  much  broken,  but  the  dip  is 
on  the  whole  soutli-easlerly. 

In  the  grounds  of  the  Duke  of  Atholl,  especially  along  the 
classie  (Jb.n  Tilt,  good  sections  are  obtained  of  poi'ts  of  this  lin^- 
stone  series,  traversed  by  veins  of  gianitc  and  ix)rphyr>*.  There ie 
niueh  local  distur])ancc  and  great  mctamoq)hism  at  this  locality. 
Nowhere  tan  this  be  better  seen  than  in  the  deep  wooded  dell c'f 
(i](-n  Jkmavir,  immediately  behind  Blair  Castle.  We  lirst  encounter 
dark  schists,  greatly  hardened  and  traversed  by  dykes  of  fckj'Stf- 
jjorphyry,  which  ha>e  a  N.X.E.  strike.  The  strata  have  here  no 
determinate  dij) ;  indeed,  the  bedding  is  almost  obliterated.  Higher 
up,  however,  the  disturbance  lessens ;  and  eventually  the  usual  flag* 
stones  set  in,  with  a  steady  south-easterly  dip  at  25°  or  30^ 

*  Trans.  Roy.  Soc.  Eflinbiirgh,  vol.  \ii.  p.  t*»(K:». 

t  Trans.  Cicol.  ?Soc.  vol.  iii.  Siv  ospeciuily  Macctdloch's  admirable  demip^ 
ti«ui  of  (ilon  Till  (/•«•.  tif.  p.  1*1)7).  lie  ajH-iiks  of  graiiito  liaving  a  foliatr*^ 
frtriu'turo,  and  of  tliat  structun^  bi>ing  09iH*eiallv  ob(H>rrable  in  tlio  ridiuty  <^? 
quartz-ruck.  lb'  dwelln  partitrularly  oii  the  distinction  between  quarti-rock  w^^ 
picis.s  (]».  21»4».  and  A\o\\6  that  in  Glen  Tilt  the  general  aeries  couMstsof  mic^-  * 
(ilato  ahi'rnatin^  in  a  very  irregidar  manner  ^ith  liard  argillaceous  teliift  tn.^ 
quart/:-rock,  and  with  a  few  beds  of  Unicstone  (p.  '2^)\\  The  syenite  and  { 
stone  of  riayfair  and  Webb  Seymour  are  called  by  him  granite. 
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mded  Glen  Tilt  aa  far  as  the  Forest  Lodge,  where  one  of 
\  the  precipitous  hill  that  forms  the  eastern  side  of  the 
»  whole  of  this  region  has  heon  so  minutelj  described  by 
I  of  Scottish  geology  that  we  shall  not  venture  to  offer  any 
rther  than  that  the  section  of  the  east  side  of  the  glen, 
be  Forest  Lodge,  shows  very  clearly  that  the  limestone, 
ry  intercalations  of  schist,  is  overlain  by  a  thick,  massive, 
rts-rock.  This  rock  ought  to  be  found  in  the  Garry,  but 
lot  detect  it,  unless  the  hard  thick-bedded  grey  quartz- 
lit  Clune,  two  miles  below  Blair,  be  its  representative, 
valley  of  the  Garry  at  Blair  and  below  it,  there  are  pro- 
Ast  two  zones  of  limestone,  one  underlying  the  quartz- 
loes  the  limestone  of  Loch  Bannoch,  as  well  as  that  of 

the  other  overlying  the  quartz-rock,  like  that  of  Loch 
J  f  but  the  whole  of  the  sections  in  this  part  of  the  river 
bscure*. 

Jhtnkehl, — Passing  over  the  obscured  and  doubtful  ground 
ley  of  the  Garry  below  Blair- Atholl,  we  eventually  meet 
zose  and  schistose  strata,  considerably  contorted ;  they  are 

and  there  in  the  bed  of  the  stream,  particularly  at  the 
ve  l^e  romantic  Pass  of  Solliecrankic.  About  three  miles 
f  below  Ault  Clune,  they  change  their  dip  from  S.£.  to 
le  scries  is  then  repeated;  and  at  Pitlochrie  the  lime- 
es  up  again.  From  this  point  the  latter  rock  strikes 
hills  in  a  north-easterly  direction  across  Strath  Ardle  to 
and  thence  into  Glen  Isla.  How  far  it  extends  to  the 
b  we  did  not  ascertain.    At  the  Pitlochrie  quarry,  the  dip 

ley  south  of  Pitlochrie,  judging  from  the  scanty  sections 
by  the  wayside,  appears  to  run  for  two  or  three  miles 
flagstones  that  underlie  the  limestone ;  two  nules  south 
village  a  quarry  has  been  opened  in  a  micaceous  quartzose 
nrhi(^  there  dips  N.  30^  E.  at  15^ ;  and  similar  strata  are 
Lyseen  in  the  channels  of  the  smaller  streams  that  descend 
ommel.  These  quartzose  strata  probably  roll  over  again  to 
east ;  for  we  soon  come  upon  the  schists.  But  the  valley 
bscured  by  alluvium,  especially  after  the  junction  of  the 
rith  the  Tay ;  and  the  time  at  our  disposal  did  not  allow  of 
\  on  either  side  of  the  Strath,  to  settle  the  relative  boun- 

keld  the  upper  schistose  series  is  displayed  in  force.  The 
Ties  south  of  Bimam  have  been  opened  in  grey  slate,  the 
lich  dip  N.  70°  W.  at  65°,  and  are  traversed  by  a  cleavage 
s  perfect  than  that  of  Easdale),  the  planes  of  which  are 
L  tiie  same  direction  at  55°. 

or  objeiTAtioiiB  were  made,  we  have  oommunicated  with  Prof.  Hark- 
.Ta  found  that  he  has  detected  the  upper  limestone  skirting  the  flanks 
j-Qloe  Mountains,  not  far  ahore  Blair.  His  observations  on  this 
form  part  of  the  paper  alreadj  alluded  to.  As  shown  in  the  tezt^ 
with  the  npper  limestone  at  tiie  Spittal  of  Glenshee;  but  this  is  at  a 
» diitenoe  from  the  Oany  yallej. 


226  pitocEEDnros  of  the  oeolooical  societt. 

The  cuttinjrs  of  the  Dunkeld  Koilway  have  shown  the  Ju 
thcst^  slates  with  the  overljing  Old  Ked  conglomerates.  T 
arc  there  ef»n.sidcrahly  twisted.,  and  their  edges  are  covered  1 
glomernto.  which  consists  mainly  of  fclspathic  matter,  thi 
being  for  tlie  most  part  rounded  and  subangular  pieces  o] 
fimy^d.'dui(hil  and  porphvritic  felstones.  It  was  evident  at 
that  these  jiebhlcs  of  igneous  rock  were  not  derived  from  tl 
pians,  since  they  differed  lithologically  in  a  marked  deg 
the  felsj)athic  rocks  of  the  crystalline  region.  Another  fat 
obscnable  was  the  great  scarcity,  in  places  the  entire  at 
any  fragments  of  the  metamorphic  rocks  of  the  neighbourin 
tains,  or  even  of  the  slates  on  which  the  beds  of  conglomei 
The  inference  wc  formed  was,  that  these  conglomerates  wep 
from  volcanic  ejections  during  part  of  the  Lower  Old  R< 
stone  iwriod ;  and  this  was  speedily  confirmed  by  findin, 
stratified  with  the  conglomerate,  a  band  of  dark  eonij)act  amy 
felstone,  above  wliich  the  conglomerate  became  exceeding] 
and  contained  largo  detached  masses  of  this  same  fclstoi 
strata  become  liner  as  they  recede  from  the  junction  with  tl 
and  to  tho  south  pass  gradually  upwards  into  sandstones. 

Spitkd  of  Ghnshce  to  Blairgowrie. — The  last  traverse  n 
made  this  summer  was  from  the  Spittalof  Glenshee,  down  t 
to  Blairgowrie  and  Dunkeld.  From  the  Spittal  a  glen  cal 
Beg  branches  off  to  Braemar  in  a  N.N.E.  direction.  Its 
side  is  formed  by  a  line  of  limestone  which  also  range 
cast  for  nearly  a  mile.  It  resembles  the  limestone  of  Bl 
like  it.  is  interstratificd  with  talcose,  chloiitic,  and  n 
scliists.  Some  of  these  schists  are  carbonaceous,  losing  15 
of  their  weight  after  ignition*,  and  present  a  remarkable  w 
ding,  with  foliated  surfaces,  and  a  kind  of  rude  cleavaj 
number  of  different  bands  of  limc^stono  is  great  in  this  loco 
their  changes  of  dip  and  strike  endless.  With  a  tolerably  { 
N.X.E.  St  like,  they  overlie  the  Ben-y-Gloe  qimrtz-rock,  ai 
up  Olen  Beg,  crossing  the  watershed,  and  descending  ; 
Braemar.  Syenite  and  porph\T\'  abound,  in  the  form  of  lari 
phous  masses  or  dykes  and  veins. 

On  the  east  side  of  Glen  Beg,  tho  beds  at  the  watershe 
marked  S.E.  dip,  which  continues  also  in  the  quarr>-  aboi 
nearer  tlie  Spittal.  But  much  careful  work  is  needed  in  th 
altered  region  before  its  geological  details  can  be  thorough! 
stood.  Limestone,  Tvith  a  northerly  dip,  has  been  qimr 
miles  south  of  the  Spittal,  tho  intermediate  ground  being 
by  gnarled  schists. 

Much  felspatliic  rock  (syenite  or  poq)hyr}-)  occurs  on  botl 
the  glen .  The  strata  become  verj-  quartzose,  in  gentle  unduL 
we  proceed  south  wanls ;  and  at  I^ir,  a  small  cottage  about  t 
from  Dalrclzian,  they  are  micaceous  flagstones,  dipping  $.£. 

*  Tlieso  H«-1  lists  will  bo  referred  to  in  a  subiequent  paper,  i^whidiv 
(o  indicate  the  dintinction  betircen  foliation  and  cleavage.  The  cur 
schist  wn?  nnalysed  by  Mr.  Tookey  of  the  School  of  Mines. 
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At  Dalrelaan,  limestone  is  again  quarried.  This  band  has  a 
wcrterlj  dip  at  the  quarry ;  but  its  general  range  is  from  S.W.  to 
N.E.,  as  it  occurs  in  Htrath  Ardle,  south  of  Kirkmichael,  and  crosses 
bj  the  southern  flank  of  Mount  Blair  into  Glen  Isla.  It  is  sue-* 
cseded  hj  gnarled  schists,  and  these  again  at  the  Bridge  of  Cally 
bj  slates,  which  have  a  decided  8.E.  dip  at  a  high  angle.  In  a  short 
tttance,  however,  the  slates  take  a  north-west  dip,  as  they  do  at 
Binuim;  and  at  Battray,  a  little  north  of  Blairgowrie,  they  aM 
oreriain  by  the  conglomerate  of  the  Old  Red  Sandstone, 

SuUm  Flanks  of  the  Orampinns, — It  was  a  special  object  of  one 
d  us  in  a  former  year  to  re-examine  the  schistose  rocks  on  the 
•Htem  flanks  of  the  Grampians  in  Kincardineshire  and  Forfarshire. 
lUs  was  done  in  two  traverses  on  different  parallels  in  1827  and  itt 
1859;  and  in  both  of  these  the  succession  was  found  to  bo  similar, 
hi  fact,  a  perfect  conformity  between  argillaceous  schists  with  some 
Inaestonc,  and  certain  micaceous  schists  lying  nearest  to  the  interior 
of  the  chain,  was  found  to  prevail.  Numerous  bosses  of  porphyry^ 
not  kid  down  on  any  map,  were  also  observed ;  and  around  these 
Snnitic,  syenitic,  or  other  amorphous  rocks,  the  highly  broken  strata 
"romed  a  gneissic  character. 

Any  one  who  is  acquainted  with  those  localities,  t.  e.  the  vallera 
rf  the  Bervie  Glen,  west  of  Laurence  Kirk,  of  the  North  Esk,  the 
tnnser,  and  South  Esk,  and  will  now  read  our  descriptions  of  the 
■^Bierior  schistose  and  slaty  rocks  with  limestone  in  the  south  rf 
Uay,  cannot  doubt  that  on  the  east  flank  of  the  Grampians  we  have 
>  repetition  of  the  upper  portion  of  the  some  great  series,  the  dif- 
^rent  members  of  which  we  have  traced  in  vast  undulations  from 
'•W.  to  S.E.  In  fact,  the  detailed  and  faithful  description  of  tiie 
tnnsrerse  valley  of  the  North  Esk  by  Colonel  Imrie,  which  waa 
f^  in  the  year  1804  *,  may  be  still  referred  to,  after  so  long  an 
'i^terTal,  as  being  in  itself  a  full  and  copious  illustration  of  our 
%cr  series ;  though,  when  that  paper  was  written,  the  author,  ai 
^  as  most  of  his  oontemporaries,  believed  that  all  such  Grampian 
l^ary  schistose  strata  had  been  accumulated  at  a  period  long  an- 
^or  to  the  existence  of  life  upon  the  surface  of  the  globe. 

^  this  section  we  also  meet  with  the  valuable  proof  that  aU  the 

'^^^ed  slates  were  in  truth  layers  of  subaqueous  deposit,  inasmuch 

"f  they  alternate  over  and  over  with  what  Colonel  Imrie  called 

•  I  **  aggregate  rock,"  or,  in  other  words,  strata  of  broken  mate- 

^•^H  accumulated  in  ancient  seas.     As  this  section  was  examined 

^    foot  by  one  of  us  in  company  with  Professor  Sedgwick  in  1827 

""^^  found  to  be  quite  correct,  we  now  see  how  completely  the  facts 

^oid  with  all  our  subsequent  observations  on  other  flanks  of  the 

^*npians. 

^^\^hil8t  on  this  occasion  we  are  unprepared  to  enter  into  a  detailed 
Jf^t'iiption  of  the  Grampians,  we  feel  assured,  from  examination  of 
^^  flanks  of  these  mountains  on  many  points  of  the  compass,  that 
**  rtrata  which  there  exist  belong,  on  the  whole,  to  tiie  upj^ 
■^^"ftberg  of  the  crystalline  stratified  rocks  of  the  Highlands,  with 
*  Trans.  Boy.  Boc.  Edinburgh,  voL  tI.  p.  i. 
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her©  and  there  an  emorgenoo  of  tha  quflrti-racks  and 
and  that  the  granites,  syenito^,  porphjric?!,  and  other  ig 
which  occupy  so  krgfi  a  portion  of  the  ehain,  ar©  ntHseiiinlT  rf 
comparatircly  5'oung  ago.  We  have  indeed  eompletelT  «6iiiW 
ourselves,  by  ofieending  to  the  heights  of  Braeinar  on  Ui<*  one  tiik, 
and  by  entering  into  the  heart  of  the  chain  from  Aberd*H*n  Ui  M- 
moml  on  the  other ,  that  whilst  there  are  no  cletu-  proofii  ol  tisi 
existence  of  any  altered  rocks  of  eyen  the  Low^est  Silurian  a^,  tbin 
ore  certainly  not  in  these  mountains  any  strata  of  the  Cambrian  datt, 
and  still  less  any  traces, of  the  fnndmnental  gneiss  of  the  ^utth* 
western  Highlands  and  Islands. 

The  old  notion,  therefore,  that  the  Grampians  contain  the  nndwi 
of  the  most  ancient  rocks  in  Scotland,  must  now  he  abandoned. 


Appekbis»  By  Sir  RonEninc  I.  McrncnisoK* — February  6, 1S41- 
A  memoir  by  Professor  Kicol  baring  been  read  before  the  Q^ 
logical  Society  on  the  19  th  December  last,  in  which  the  out  Lor 
exhibited  several  sections  illustrating  the  relations  imd  suoceiaiia 
of  the  strntiiicd  crj^stallino  rocki  of  Sutherland,  whieh  ^"wt 
directly  at  variance  with  the  sections  of  the  same  localitiea  wldA 
had  been  pnblished  by  myself  (and  confirmed  by  the  observatioM 
of  Professors  Hamsay  and  Harkness),  T  then  explained,  vivd  «»', 
how  I  conceived  that  Professor  Nicol  bad  been  misled  by  aadgnifll 
much  too  great  an  importance  to  what  I  considered  to  be  lool 
and  partial  disturbances  only.  I  ar^ied  that  local  intarferwicei 
of  eruptive  rock  in  nowise  set  aside  the  broad  data  I  had  Ur  mwd 
years  been  accumulating,  which  prove  the  existence  of  a  fon^- 
mental  gneiss,  as  distiuguisbed  by  in/mj>aji7iort,  dinctton  of  Ai 
strata,  and  mineral  characters  from  all  the  crj^stalline  Rcliists  fl^bH 
overlie  those  qnartz*rocks  and  limestones  that  rest  upon  such  Sf^ 
gneiss.  Professor  NicoL  on  the  contrary,  adhering  to  the  viewa  d 
the  older  Scottish  geologists  (as  represented  in  former  mapj  of  Scot- 
land ^  and  his  own),  considers  va*it  masses  of  the  rocks  wbich  I 
ranked  as  overlying^  to  be  simply  tht*  oMer  gneiss  brought  up  U  the 
surface »  and  placed  in  apparently  overlying  positions  by  enonnois 
upcast-faults.  As  his  memoir  has  been  published  in  the  Joumfil  ^ 
the  Geological  Society*,  I  am  bound  to  place  on  record  that  I  }m' 
distinctly  to  the  general  accuracy  of  those  sections  which  I  pnhlii^cd 
and,  believing  that  tb©  alterations  in  them  proposed  by  Pr&f 
Nicol  are  either  erroneous  or  founded  on  cleceptivt'  local  appidnm' 
I  consider  that  all  bis  reasoning  as  founded  thereon  muat  fjill  to 
ground, 

I  will  here  advert  to  those  sections  of  Professor  Mcol  windi  «* 
most  importiant. 

Firstj  let  us  examine  the  section  from  Looh  Etiboll  (p.  92,  %. 
which  passes  across  the  ridge  to  the  east  of  Eriboll  Kons^i ;  tinet 
is  the  very  traverse  made  by  Proff™"—  ««"— «•  --^  ^  ^  ■ 
well  as  by  myself.     In  that  du 


i 
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1  between  Eriboll  House  and  the  summit  of  the  ridge^ 
x>mpiled  from  some  disturbed  beds  which  he  observed 
i  certain  distance  on  the  strike  of  the  formations,  and 
toesy  beneath  the  real  and  visible  section,  in  which  all 
e  escarpment  of  the  ridge  are  seen  to  dip  to  the  E.S.E., 
ranean  complication.  In  doing  this  he  commingles 
f  a  great  fault  with  a  stupendous  underground  twist 
ntal  gneiss,  which  rock  is  not  seen  nearer  to  this  spot 
I  miles,  and  which  at  that  distance  has  a  strike  en- 
it  to  the  quartz-rocks  there  lying  upon  it.  Yet  this 
initio  and  homblendic  gneiss  has,  it  is  suggested,  not 
ts  direction,  and  been  thrown  up  conformably  on  the 
d  limestone  with  a  south-easterly  dip,  but  has  also 
led  into  a  micaceous  and  chloritic  schist,  wholly 
;ion  of  the  old  gneiss ! 

m  therefore  remains  unaltered,  that,  excepting  local 
urbances,  and  the  irregular  intrusion  of  igneous  rocks, 
e  Eriboll  House  is  absolutely  that  which  has  been 
lyself  and  witnessed  by  my  associates*.  It  demon-* 
t,  a  true  ascending  order  and  transition  &om  quartz* 
3stone  below,  into  superior  micaceous  and  chloritic 
lineiBs),  as  first  indeed  observed  thirty-three  years  ago 
dgwick  and  myself  at  this  very  spot, 
-ofessor  Nicol  has  brought  forward  sections  across 
K>ints  where  they  are  much  broken  and  affected  by 

of  igneous  rocks  (notably  figs.  3,  4,  and  6,  pp.  88, 
r  to  show  that  the  intrusive  rocks  occupy  such  a  place 

line  of  great  dislocation  along  which  the  older  gneiss 
1  up  to  the  surface.  But  this  view  has  been  shown, 
oirs  as  well  as  in  the  present  communication,  to  be 
smuch  as  similar  igneous  rocks  (felspar-rocks,  por- 
enites)  re-occur  at  various  horizons  in  the  series  of 
s,  and  do  not  invalidate  the  general  ascending  order, 
^neral  conformity  of  the  strata. 
Assynt  (see  fig.  8,  p.  96),  the  ascending  section 
,  as  given  by  Professor  Nicol,  is  made  to  terminate 
le  above  the  quartz-rocks ;  it  being  held  by  him  that 
tz-rock  above  the  limestone,  except  such  as  is  brought 
3n  from  beneath  by  uiKiast-faults.  Now,  in  my  own 
lame  localityt,  an  upper  quartz-rock  is  shown  to  lie 
►on,  and  to  sueeeed  regularly  to,  the  limestone ;  and 

of  the  accuracy  of  this  fact,  and  of  the  clear  proofs 
nrards  from  that  limestone  into  a  superior  quartz-rock, 
r  the  testimony  of  Professors  l^msay  and  Harkness, 
ted,  but  that  of  Mr.  Gcikie,  who,  unaceompanied  by 
same  spot  lost  summer,  and  saw  unmistakeably  clear 

»f.  Niool's  section  be  Tiewed  as  respects  the  portion  of  the  strata 
e  seen,  it  is  almost  identical  with  my  own.    (See  Prof.  Hark- 
irt  Joum.  Geol.  Soc.  Aug.  1859,  vol.  xtl  p.  231,  fig.  9.) 
u  GeoL  Soc.  Aug.  1859,  vol.  xn.  p.  217,  fig.  8. 
IZI.  K 
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evidence  of  the  existence  of  an  upper  quartz-rock,  under  i 
limestone  passed  without  any  break  ♦. 

Fourthly,  I  simply  repeat  the  statement  I  previously  n 
there  are  the  most  essential  distinctions  between  the  old  ai 
mental  gneiss  of  Loch  Stack  and  Loch  More  on  which  th 
rock  and  limestone  repose,  and  tho  earthy  and  slightly  i 
flagstones  which  overlie  sudi  rocks  on  Loch  More,  and  spe 
which  to  compare  with  the  older  gneiss  are  exhibited.  See 
NicoFs  section,  fig.  6,  and  my  section,  vol.  xvi.  p.  226,  fig.  • 
again  the  strike  of  the  old  or  Laurentian  gneiss  (a)  is  nearl] 
angles  to  that  of  the  overlying  fiag-liko  schists  {d})  wi 
Professor  Nicol  unites  it. 

Fifthly,  I  am  compelled  to  point  out,  in  defending  the 
ness  of  my  own  views  as  regards  the  relations  of  the  rocks  in 
that  the  second  of  the  sections  of  Professor  Nicol  (p.  87)  : 
face  of  it,  very  inaccurate.  The  author  gives  this  line  of  « 
proceeding  from  Far-out  Head  on  the  west  to  Eean-na-bii 
east.  Now  the  fact  is,  that  this  line  is  really  from  N. 
H.  by  E.  (SCO  Map  of  Sutherland  and  Admiralty  Charts). 
this  error,  tlie  strata  are  necessarily  placed  in  false  posit 
those  of  the  Far-out  Head,  and  tho  promontories  extendi) 
Eis]i(>j)'s  Castle,  and  wliich  dip  away  to  the  east,  are,  as  I  ha^ 
llie  overlying  thinly  laminated  schists  with  white  sandy  i 
flagstones  f,  and  are  quite  distinct,  by  position  as  well  as  i 
from  the  ni^arcst  old  granitic  and  homblendic  gneiss,  which 
from  N.N.W.  to  S.S.E.,  dips  to  tho  S.S.W. 

Sixthly,  I  would  observe,  that  tho  section  fig.  9,  p.  1 
Cnoc  Hiaorinie  to  Alt  Ellag,  as  given  by  Professor  Nici 
essentially  to  sustain  the  proofs  of  the  order  of  successior 
have  pointed  out;  for  in  it  we  see  a  lower  quartz-rock  and  '. 
followed  conformably  by  overlying  quartz-rocks  and  lij 
whilst  these  arc  succeeded,  also  conformably,  by  chloriti 
The  only  diflerence  between  this  section  and  my  own  vi< 
succession  in  that  tract  is,  that  neither  my  companions  nor 
could  ob.ser>'c  the  fault  or  dislocation  §  which  Professor 

*  See  also  Prof.  Harkncss's  Bcctious  iii  my  memoir,  Quart.  Joum. 
Aug.  J  8:/.),  vol.  xvi.  p.  221,  fig.  4,  and  p.  22.1,  fig.  5. 

t  S|>e(rimens  of  these  thin  ilag-Uke  sandy  pchidts  firom  this  promo 
exhibit<.'d  al  the  Meeting  to  show  their  entire  dissimilaritv  to  the  ol« 
Kean-na-binn  and  the  ridge  S.  of  Durine  lun.  with  which  Prof.  Nio 
them. 

I  IVofessor  Ramsay  sedulously  explored  this  locality  by  himielf. 

§  In  a  letter  recently  addressed  to  me  by  Professor  Harkneas,  ii 
points  out  other  errors  in  the  sections  of  Proftwsor  Nicol,  which  I  < 
mention,  he  thus  alludes  to  the  introduction  by  Professor  Niool  of  the 
Alt  Ellag  between  the  quartz-rocks  and  the  overlying  chloritic,  mioi 
gneissosi*  rocks: — "Of  this  fault  siifBce  it  to  say,* that  tlicre  is  not  tl 
evidence  of  any  crack  here."  It  has  naturally  given  me  great  satisfiiol 
the  support  ot  such  an  able  and  inde^^endent  observer  as  Profonsoi 
who,  when  he  visited  the  west  of  Sutherland,  after  a  discuasioii  whifll 
place  on  those  ver^  points  at  the  Aberdeen  meeting  of  the  Britiah  I 
had.  a.4  he  himself  writes,  **  a  stronger  feeling  toirards  Niool  than  i 
tluit  I  may  be  said  to  hare  to  some  extent  pnyudged  the  ciK      '  ' 
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etween  the  quartz-rocks  and  limestones  and  the  overlying 
and  somewhat  gneissic  schists. 

femng  to  the  concluding  pages  of  Professor  Nicol's  last 
I  must  remind  him,  that,  when  he  calls  for  more  prooft  of 
inuance  of  the  ascending  order  through  the  central  and  rnati 
parts  of  Sutherland  and  Boss  than  have  as  yet  appeared,  he 
rhat  I  have  puhlished  on  those  very  points.  In  1858 1  gave 
from  Loch  Eriboll  across  the  Moin  to  the  Kyles  of  Tongue, 
le  following  year  I  traced  the  ascending  order  with  ProfesMf 
from  the  inferior  quartz-rock  and  limestone  through  orei^ 
caceous  schist  into  gneissic  rocks,  the  latter  heing  invariably 
svalent  when  in  the  neighbourhood  of  eruptive  masses  m 
nd  syenite.  It  was  on  that  occasion  that  we  first  ascertained 
.  Stomino  (which  in  Professor  NicoPs  map  is  represented  at 
L  Sandstone)  was  a  granite.  We  had  therefore  already 
i  Professor  NicoPs  present  query,  and  had  shown  that  *'  thd 
•nitic  domes  of  Ben  Loaghal  and  Ben  Stomino  do  not  break 
s,  and  bring  it  under  the  lower  and  older  gneiss*."  Again, 
p  Nicol  writes  as  if  Strath  Oikel  had  not  been  examined^ 
that  tract  was  specially  cited  by  myself  as  proving  an  as-* 
order;  and  when  he  says  that  no  one  has  been  in  tha 
»  of  Fannich  Forest,  I  may  refer  him  to  my  pwn  descrip* 
I  great  north-westerly  fold  of  the  overlying  strata  on  Loeh 
t.  In  fact,  if  geologists  will  only  take  the  trouble  to  read 
loirs  of  1858  and  1859,  as  published  in  the  Journal  of  the 
al  Society,  they  will  find  many  other  proofs  of  the  conti- 
'  the  ascending  series  to  the  eastern  parts  of  Boss-shire, 
heir  intense  metamorphism  and  gneissic  characters  when  in 
irith  granitic  rocks. 

ofessor  Nicol  has  endeavoured  to  show  that  my  sections  are 
te,  I  may  bo  permitted  to  point  to  the  great  discrepancjr 
his  earlier  sections,  published  the  year  afber  he  accompanied 
i  first  visit  to  Sutherland),  and  those  on  which  he  now 
Denying  as  I  do  the  accuracy  of  the  last,  I  affirm  that  some 
st  or  original  sections  are  quite  correct ;  indeed  they  entirely 
ith  my  own  J.  First,  in  the  west  of  Sutherland,  he  shows, 
ve  done,  a  fundamental  gneiss  (a),  a  red  sandstone  (6), 
ocks  and  limestones,  and  a  conformably  overljring  "upper 
[*»<^]  (/)  above  the  House  of  Eriboll.  Yet  now  he  has 
d  the  very  different  diagram  for  the  same  spot,  and  on  that 

tence  00  clear,  I  at  once  adopted  jour  conclusions."  Professor  Harkness 
lodes  his  letter : — "The  obeerrations  which  I  haye  since  made,  both  in 
is  of  the  Scotch  Highlands,  and  in  the  north  of  Ireland,  hare  still 
Brroborated  your  conclusions;  and,  with  reference  to  the  hjpotlieticBl 
I  expressed,  I  am  convinced  ihat  the  whole  arrangement  of  rocks  from 
tmental  gneiss  to  the  npper  gneissic  rocks,  Ac.,  as  recorded  in  joo^ 
is  the  true  sequence  of  the  strata  which  make  up  the  older  sedimentirj^ 
be  fiuhlands  of  Scotland." 

*HfL  »icoVB  Hemoir,  Quart  Joum.  GeoL  Soa  toI.  ivii.  pp.  11^  il^i,- 
t  jTonm.  G«oL  Soc.  toL  xy.  p.  387. 

tnart  Joum.  Qeol.  Soc  vol.  xiii.  pp.  22, 23.  •  *         .- 
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diagram  I  have  already  dilated.  Next,  in  his  old  sections  on  Lo 
Broom,  his  order  of  the  quartz-rock  and  limestone,  conformal 
overlain  by  his  "  upper  gneiss,"  is  equally  clear,  and  is  entirely 
unison  with  the  section  made  by  my  companion  last  summer  a 
with  my  old  observations.  In  short,  his  "  older  gneiss  "  lying  I 
neath  all  the  other  rocks  is  a,  and  his  "  upper  gneiss  "  (6)  is  high 
the  ascending  series. 

I  say,  tlierefore,  in  citing  his  own  observations  and  sections,  tl 
there  is  an  **  upper  gneiss  ; "  and  to  whatever  "  old,  long-estabHsl 
principles  of  Scottish  geology  "  Professor  Xicol  may  appeal,  I  ma 
tain  that  the  researches  of  my  contemporaries  and  myself  have  nee 
sarily  led  to  tlie  establishment  of  the  new  classification. 

In  conclusion,  I  may  say,  that  our  labours  during  the  1 
summer,  as  detailed  in  the  preceding  memoir,  seem  to  me  to  h 
determined  the  question  at  issue,  by  an  appeal  to  the  order  oxhibi 
over  other  and  very  extensive  Highland  regions.  Thus,  Mr.  Gei] 
taking  up  the  survey  of  the  mainland,  whilst  I  was  exploring 
Laurcntian  gneiss  of  the  Lewis,  has  followed  the  disputed  line 
junction  from  Sutherland  through  mountainous  tracts  of  Koss-d 
for  more  than  sixty  miles,  and,  by  observing  closely  a  numbei 
transverse  sections,  has  completely  established  the  proofs  of  a  r^ 
and  uiihrol-en  ascending  ord^r  from  the  inferior  quartz-rock  i 
limestone  into  overlying  quartzose  and  micaceous  strata  (occasLoni 
assuming  gneiss-like  characters),  which,  graduating  up  into  chloi 
schists  and  clay-slates,  occupy  such  vast  breadths  of  the  north 
Scotland.  On  my  own  part,  I  have,  during  last  summer's  sur 
with  my  associate,  so  satisfied  myself  of  the  existence  of  the  sa 
ascending  order,  not  only  in  many  parts  of  my  native  county 
lloss,  but  also  by  researches  in  the  Southern  Highlands,  and  nota 
in  Tslay,  as  explained  in  the  preceding  memoir,  that,  being  i 
convinced  that  the  principle  of  classification  I  suggested  is  es 
blished  on  a  sound  basis,  I  take  my  leave  of  the  subject,  trusting 
!Mr.  Geikie  and  my  other  able  colleagues  of  the  Geological  Son 
as  well  as  to  Professor  Harkness  and  younger  geologists  than  myi 
to  discover  new  truths,  which  may  improve  or  modify  my  c 
elusions. 


On   the    C'oixciDEXcE    between    Stratification   and   Fouatiqv 
the  (.'kystallink  Rocks   of  the  ScomsH  Highlands.    By 
KoDERicK    I.   MuRcnisoN,   D.C.L.,   V.P.G.S.,  F.R.S.,  &c.,  i 
ARciiinALi)  (huKiE,  Esq.,  F.R.S.E.,  F.G.S. 

[Read  February  2(1.  1861,  but,  by  permLnion,  printed  here  in  asaooiAtioii  ^ 
tho  foregoing  paper,  which  has  reference  to  the  same  oountiy.] 

No  memoir  on  the  crystalline  rocks  of  the  Highlands  of  Scotl 
can  bo  regarded  as  complete  if  it  contain  no  reference  to  the  qv 
tion  of  the  ''  foliation  "  in  that  region,  as  first  raised  in  the  } 
1852  by  the  late  Mr.  D.  Sharpe.  In  our  paper  which  was  i 
before  the  Society  at  tho  last  Meeting,  we  ayoided  entering  O] 
this  subject,  reserving  such  remarks  as  we  have  to  offinr  for  a  ae 
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rate  communication.     At  the  same  time  we  must  specially  refer  to 
i      our  preceding  memoirs  on  the  structure  of  the  Highland  crystalline 
\     Btratificd  rocks,  in  which  we  have  shown  that  the  diil'erent  mineral 
f      formations  which  succeed  to  each  other  offer  distinct  proofs  of 
ongmal  deposit  under  water,  some  of  them  even  containing  organic 
fcmains.    Our  conviction  of  the  truth  of  this  view  has  been  arrived 
•t,  not  by  any  theoretical  hypothesis,  but  by  repeated  and  long- 
I      eo&tmaed  observations  of  the  succession  and  nature  of  the  stratified 
Bigjiland  rocks ;  and  hence  we  are  under  the  necessity  of  recording 
i     oar  dissent  from  the  opinions  of  a  distinguished  geologist  now  no 
I     more,  who,  in  a  memoir  published  in  the  '  Philosophical  Trans- 
^     actions,'  and  illustrated  by  a  map  and  sections,  has  endeavoured  to 
proTo  that  the  very  lines  which  we  refer  to  deposit  are  lines  of  a 
Mttion  which  is  the  ultimate  stage  of  the  action  of  cleavage.     We, 
on  the  contrary,  referring  to  our  former  memoirs  for  our  proofe  of 
sedimentary  deposit,  will  now  point  out  that  wherever  cleavage 
does  exist  in  these  Highland  rocks  it  is  transverse  to  those  laminae 
liuch  have  been  referred  to  foliation  by  Mr.  Sharpe,  and  which 
le  consider  to  be  simply  crystallized  stratification. 

In  the  early  days  of  Scottish  geology,  it  waa  shown  by  the  illus- 
ions Hutton  and  his  contemporaries,  that  the  gneiss  and  schists 
rf  the  ffighlands  were  truly  sedimentary  formations,  and  that  their 
Insent  crystalline  structure  arose  from  the  action  of  heat  at  a 
period  posterior  to  their  deposition.     Subsequently  the  same  views 
^ere  entertained  and  promulgated  on  all  occasions  by  Macculloch, 
daring  and  after  his  numerous  explorations  of  the  Highlands. 
Those  eminent  geol(^;ists  and  their  successors,  during  many  years, 
Jwver  doubted  that  the  planes  or  laminae  of  the  schistose  rocks 
'Bpresented  former  lines  of  stratification,  and  they  wrote  of  the  dip 
I    «nd  « stretch  **  or  strike  of  these  altered  rocks  precisely  as  they 
^^d  have  done  had  they  been  treating  of  unaltered  sandstones, 
jj*le8,  and  limestones.     But,  after  the  publication,  in  1846,  of  Mr. 
^^^f^in's  observations  on  the  metamorphic  rocks  of  South  America, 
•^tion  was  drawn  more  pointedly  to  the  structure  and  origin  of  this 
T^  of  rocks.   That  distinguished  naturalist  believed  that,  in  the  re- 
^^^  of  Chili  and  Tierra  del  Fuego,  the  planes  along  which  the  sepa- 
^on  of  the  crystalline  particles  had  proceeded  did  not  coincide  with 
^®  original  planes  of  bedding,  but  with  the  planes  of  cleavage.     He 
^Pwcd  to  apply  the  term  "  foliation  "  to  the  laminar  arrangement 
5,  ^eiss  and  sddst — a  term  to  which,  if  used  merely  to  express 
v^  arrangement,  without  reference  to  its  origin,  we  have  no  objec- 
?J^.    But  Mr.  Darwin  considered  that  his  observations  bore  out 
^    general  inference,  that  foliation  and  cleavage  are  parts  of  the 
^^^c  process, — "  in  deavage,  there  being  only  an  incipient  sepa- 
I  ^ijon  of  the  constituent  minerals ;  in  foliation,  a  much  more  com- 
^^  separation  and  crystallization*:"  and  he  applied  this  theory 
^   %he  elucidation  of  lai^  tracts  of  South  America. 

^oWy  however  this  doctrine  may  be  borne  out  in  regions  which 
*^  have  not  seen,  we  hold  that  it  is  utterly  inapplicable  to  the 
*  Darwin,  GkoL  Obe.  South  America,  pp.  156-165. 
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HigMands  of  Scotland,  or  to  any  moimtain-tmet^  m  Europe  which 
we  have  explored.     In  fact,  all  our  c^utemporaries,  wlih  whom  vt 
Tvith  whose  works  wo  are  acquainted,  have  treated  sueh  \m\m 
OB  marking*  oa  the  whole,  the  linos  of  original  stratification.    Thai, 
in  1827,  when  one  of  us  explored  the  Highlands  with  Prolbwer 
Sedgwick y  that  distinguished  man  clearly  pointed  out,  in  Jfitu,  die 
aheolutc  independence  of  such  folifltion  and  deavage ;  and  tlisfttt^ 
forward,  and  after  repeated  snrveys  of  the  isamc*  region  duHag  mfr- 
ceftBive  years,  we  have*  on  various  oceasioaa*,  exprtss*>d  our^tiro 
dissent  from  the  doctrine  and  opinions  of  the  lamented  Mr.  Dimlel 
Sharpe,  recorded  in  a  memoir  entitled  '*  On  the  Arrangciiieat  «f  j 
the  Foliation  and  Cleavage  of  the  Rocks  of  the  North  of  Scotloult'* 
As  early  indeed  aa  the  jear  1S35,  and  consciqnently  eleven  }WCB 
before  Mr.  Darwin  wrote,  and  seventeen  years  hefore  tho  pabKcft* 
tion  of  Mr.  Sharpe,  Professor  Sedgwick*  in  his  rcsmarkable  '*  Me- 
moir on  the  Structure  of  laigo  Mineral  Ma3&es,"  actually  enundBte^ 
the  distinctions  on  which  we  iosist  in  this  memoir*    In  Kpeakkff 
of  those  crystalline  schists  of  parte  of  England  and  Wales,  mi  of  ^ 
the  Highlands  of  Scotland,  which  are  ^'  finely  foliated,*'  he  go«e  ftO 
to  say: — '*  In  general,  however,  thf^fotiaUd  uneven  layers  of  i 
older  formationfl  belong,  I  believe,  to  bods,  and  not  to  cleaTi^e-^l 
planes;  and  the  oldest  and  most  crystalline  rocks,  designated  hy] 
the  general  term  of  tichists,  have  no  true  ^ty  cleavage  in  the  «eaao  J 
in  which  I  have  nsed  the  term  t»*' 

Professor  Sedgwick  thus  defines  those  distinctions  j—**JW 
always  applied  as  the  Engliah  synonym  of  afmtum ;  and  the  ^ 
ihid:-he4dcd,  tJUn-bfiMed,  ihkk-Jlaif<pj^  ihm-Jtag^jtj,  and  fa«mua*Mi»1 
are  words  in  common  use»  and  espre^  weU  enough  differoat  modl^ 
fications  of  stratified  structure.  The  term  fdtated,  again,  eipten** 
veiy  well  the  peculiar  structure  of  mim-achist,  and  the  fine,  glcMiyi 
undulating  layers  of  greywacke/*  Mer  enumerating  the  cascotiftl 
difference  between  slaty  and  flaggy  structure,  he  adds  :^"  In  tlii* 
way,  foliated  as  distinct  from  litminattd^  and  sluiij  ba  distinct  fr&n**^ 
fifiggyf  become  terms  of  a  definite  meaning  §/' 

It  should  be  further  remembered,  that  in  the  year  1 840,  and  al^^* 
before  Mr.  Darwin's  observation s  were  published,  the  I^tk^I  T**'! 
rector  of  the  Geological  Survey,  Froft^sor  Ramsey ^  devote  hira*e^^ 
flpecially  to  a  careful  survey  of  Arran,  and  in  the  early  part  of  !l^  ^ 
following  year  publidied  a  descriptive  acooimt  of  the  geology  ^^^^ 
that  isknd.  In  speculating  upon  the  origin  of  the  quarU-lajer^^ 
that  are  intcrbedded  in  its  schists,  he  remarks  that  thee»e  ijuartt- 
layers  **  lie  in  rcgidar  lamina,  very  numerous,  and  puralhl  h 
pime  of  strattfiaahB.  Sometimes  these  altematioiw  are  olmoi 
aa  minute  aa  the  leaves  of  a  do«ed  volume*"    He  thuA  eimd2 

*  Report  Brit.  Aasoc.  Ola^j^ow,  1*555,  Trans,  of  iSU^lonft,  p  fi6,     Silari*,^ 
«dit.  pp.  119,  195.     Q  iiaft.  .Tt>iini.  Qeol .  Sac.  toI.  vii„  p,  \m  ;  dud  niL  it;  p.  3*l-*v, 

t  See  Philoeophiosl  Trfta«t^tionj»  toL  ciM.  p.  i^  (Id^Ii);  with  •  i 
m&P  of  SoQtlatid  and  sfX3iion$. 

ibid,  p.  480, 
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the  existence  of  stratification-planes,  and  the  parallelism 
I  a  whole  with  the  interlaminations  of  quartz  ^. 
5  Mr.  Daniel  Sharpe,  in  his  memoir,  endeavoured  to  prove 
Hation-lamime  of  the  gneiss  were  arranged  in  great  arches, 
a  N.E.  and  S.W.  direction.  But  true  slaty  cleavage,  as  we 
dy  remarked  in  our  preceding  memoir,  is  rarely  met  with 
[ghlands,  and  where  it  does  occur,  it  is  nearly  always 
SB  transverse  to  the  planes  of  stratification.  Again,  whilst 
e  does  advert  to  rare  examples  of  cleavage-planes  tra- 
Dse  laminsB  which  he  refers  to  foliation  (Phil.  Trans.  1852, 
p.  449,  and  pi.  23,  figs.  1,  3,  4),  he  maintains  throughout 
r,  and  illustrates  the  view  in  his  general  sections,  that  all 
is  of  different  mineral  matter  which  we  have  shown  in 
memoirs  to  he  successive  deposits,  sxe  dne  to  foliation  ovlj, 
her  loses  sight  of  the  great  intercalations  of  limestone,  some 
as  we  have  formerly  shown,  contain  organic  remains.  Let 
re  some  illustrations  of  our  views. 

keld  in  Perthshire,  at  Easdale  in  Argyllshire,  or  at  Bally- 
lere  true  cleavage  exists,  it  is  seen  to  cut  through  those 
>lour,  by  which,  in  finely  levigated  clay-slates  of  a  homo* 
>mposition,  the  original  laminae  of  deposit  are  recognized, 
gillaceous  schists  on  the  flanks  of  ^e  Grampians,  and 
ear  the  Spittal  of  Glenshee,  where  the  strata  are  often 
contorted,  as  seen  in  the  specimen  we  now  exhibitfy  the 
ilanes  are  rudely  parallel  to  each  other,  and  cut  tight 

undulating  layers  of  black  carbonaceous  schist.  Tina 
IB  indeed  a  good  example  of  the  view  now  adopted,  that 
)1  planes  of  cleavage  are  due  to  lateral  pressure;  for  here 
.  proof  that  the  original  beds  of  carbonaceous  shale  have 
itensely  squeezed  up  as  to  produce  the  contortions  exhi- 
bt  the  cleavage-planes  traverse  them.  We  have  also  at 
is  locality  the  oxpLemation  of  these  contortions  in  the  exist- 
mierous  points  or  bosses  of  syenite,  porphyry,  and  other 
;ks,  which  protrude  to  the  surface  around  the  Spittal  of 

The  compressed  schist  to  which  we  allude  is  so  highly 
>us  in  the  Httlc  bum  to  the  west  of  the  inn  at  the  Spittal, 

or  Bamsay,  in  a  paper  read  before  the  Geological  Society  (Quart 
.  Soc  Tol.  ix.  p.  172),  discusses  the  metamorphism  of  Ansiesea,  and 
a  period  anterior  to  that  of  the  cleavage  of  the  Welsh  dates.  He 
if^the  rocks  be  uncleayed  when  metamorphism  takes  place,  the  folia- 
will  be  apt  to  coincide  with  those  of  bedding ;  but  if  intense  cleayage 
1,  then  we  may  expect  that  the  planes  of  foliation  will  lie  in  the  planet 
'  And  in  the  letter-press  explanation  of  Sheet  40  of  the  Horizontal 
the  Geological  Surrey,  he  unnesitatinglj  declares  his  belief,  that  the 
ic  nx^  of  Anglcsea  are  the  prolongation  of  the  green  and  purple 
liy  rocks  of  Bangor ;  and  that,  moreoTer,  they  are  disposed  along  an 
OS,  the  S.E.  side  of  which  consists  of  the  hifl^er  part  of  the  CSamlNriaa 
laid  by  the  Lower  Silurian,  while  the  N.W.  side  brings  down  the 
■ion,  thouffh  broken  by  a  line  of  fault,  '*  thus  completing  the  series, 
to  the  probability  of  the  Cambrian  age  of  most  of  the  metamorphie 


itciflMD  if  deposited  in  the  Museom  of  Fractiotl  Geology* 


"^'M  l'R()(  EEDINGH  OF  THK  OEOT^OICAL  bOCIETT.  [Fcb.  20^ 

that  sonic  of  tho  ])oint>i  of  rock  blacken  pa])er  like  a  black-lead 
peiuil,  and  wo  thoixtbre  supposwl  it  might  bo  graphite:  Imt  a  che- 
mical examination  of  it  at  the  Goveninient  SchocJ  of  Mines  by  3Ir. 
C.  Tookcy  has  shown  that  it  i^  simply  highly  carbfmateoiw  Mack 
sr^hist,  witli  some  mica,  the  rock  yielding  on  combustion  ni»arly  16 
j)er  cent,  of  carbon. 

In  arnvinu:  at  the  belief  which  we  entertain,  that  all  the  ** foli- 
ation" of  the  crystalHnc  rocks  of  the  llighlandji  which  wc  have 
examined  is  nothing  more  than  the  original  lamina*  of  deposit  undei 
water,  of  sand,  day,  lime,  mica,  ite.,  which  have  been  so  alten'daa 
often  to  scfrregate  in  one  layer  more  mica,  and  more  sandorclaji 
in  tlie  ()thei-s,  thns  evolving  felspathic,  (juartzose,  and  mioaceouji 
( iTstallini'  lamina\  we  are  su.stained  in  our  inference  by  an  appeal 
t()  thi^  wh(»I(»  siieccssion  of  the  mineral  de^wsits  of  the  north  ol 
Scotland.  For  ^^e  have  shown  that  these  successive  deposits  are  w 
knit  togeth(T  by  transition  and  conformable  superposition,  tbiititit 
quite  impossible  to  exchide  from  the  series  those  of  its  membiTs 
wliich  still  exhibit  not  only  a  mechanic^il  origin,  but  also  contaix 
organic  remains.  From  our  old  acquaintance  i*-ith  the  late  Mr.  D 
iShaq)(N  we  are  con\'inced,  that  if,  instead  of  making  one  rapid  surrr 
only,  in  which,  full  of  a  new  theory,  he  naturally  applied  it,  witl 
his  well-known  cnerg}-,  he  had  year  after  year  examined  thcs- 
Highland  rocks,  he  would  have  seen  the  impossibility  of  excludiiij 
(as  ho  did)  the  greater  pai-t  of  the  quartz-rock  of  Scotland  froi 
the  cr}stallinc  series,  merely,  as  he  says,  because  it  is  "  an  altere 
sandstones  of  which  the  mineral  character  has  been  changed  by  pin 
tonic  action."  He  would,  wo  doubt  not,  on  a  more  CJU'ehil  survei 
have  seen  that  this  very  rock  and  its  associated  limestones  are  in 
tegral  and  even  lower  parts  of  a  large  portion  of  that  same  crystallin 
series  ;  and  then  he  would  have  admitted,  that,  as  these  pure  quaitx 
rocks  (evidently  nothing  but  altered  sandstones,  and  in  which  Anne 
lidcs  and  an  Oi*thoceratite  have  been  found)  graduate  into  micaceoc 
quartz-rocks,  mica-schists,  and  gneissoso  rocks,  they  could  not  t 
divided  geologically  into  two  separate  classes,  but  form  truly  on 
groat  series,  varying  in  its  mineralogical  characters  as  well  as  in  th 
extent  and  form  of  it^  metamorphism. 

The  vi(!ws  which  we  entertain  have  been  indeed,  to  a  great  exten 
sanctioned  ])y  the  examination  of  the  older  rocks  of  the  Higfalan 
border  by  a  very  dose  and  accurate  observer  of  stnicture.  I): 
stinctly  objecting  to  the  general  application  of  the  term  foliation,  M 
Sorby  has  .shown  that  one  of  the  structures  of  metAmorpfaic  rocl 
'*  has  every  cbaiacter  that  would  be  the  result  of  stratification,  cv< 
in  some  c  ases  including  the  current  stractures  *." 

Again,  the  same  author,  in  his  notice  of  the  microscopical  natu: 
of  mica-schist,  has  demonstrated,  that  in  one  class  of  these  rocks  tl 
Hakes  of  mica  lie  in  the  plane  of  the  alternating  layers  of  differei 
mineral  composition,  whilst  in  the  other  class  the  flakes  of  mu 
traverse  the  original  lines  of  bedding  like  slaty  cleavage.  He  then 
fore  proposes  the  terms  **  stratification-foliation  "  and  •'  detvagi 
*  Keport  Brit.  Assoc.  Adr.  of  Science,  1855,  Tram,  of  Scctioni,  pb  96. 
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foliation.*'  The  latter  structure  is  partially  to  be  seen  in  the  schistose 
rods  on  the  coast  to  the  south  of  Aberdeen,  which  are  highly  meta- 
morphosed, and  have  never  been  examined  by  us :  but  we  have  to 
thank  Mr.  Sorby  for  the  pertinent  induction  respecting  them,  ''  that 
the  peculiarities  in  the  rocks  having  *  cleavage-foliation '  cannot  be 
explained  except  by  supposing  that  they  have  been  metamorphosed 
Btratified  rocks/'  adding  *^  that  the  cleavage-foliation  is  the  effect  of 
prerioosly  existing  cleavage,  and  not  that  slaty  cleavage  is  a  partially 
developed  foliation*.'* 

In  dissenting  from  the  views  of  Mr.  Sharpe  on  this  one  essential 
point,  we  must  add,  that  there  are  many  passages  in  his  memoir 
with  which  we  entirely  coincide.  Thus,  nothing  is  more  true  than 
his  declaration,  that  the  geographical  separation  between  gneiss  and 
Buca-schist  and  chloritic  schist  throughout  the  north  of  Scotland,  as 
I  had  down  by  Macculloch,  has  been  drawn  too  arbitrarily.  We  fully 
admit,  and  have  shown,  that  many  of  the  strata  so  deftned  by  that 
author  have  "  the  same  geological  relations."  But  when  Mr.  Sharpe 
apidied  to  their  internal  divisions  the  term  '*  foliation,"  and,  separating 
it  entirely  from  stratification,  contended  that  such  foliation  is  the 
ultimate  term  of  the  same  action  which  produced  slaty  cleavage,  we 
m  completely  at  issue  with  him. 

Whether  we  admit,  with  Phillipsf,  Sharpe  J,  Sorby§,  Tyndall||, 
wd  others,  that  the  parallel  cleavage  of  rocks  was  produced  by 
>^®dumical  lateral  pressure  of  the  strata,  or,  following  the  original 
"Peculation  of  Sedgwick,  conceive  that  it  was  the  result  of  crystfdline 
"wi  polar  forces,  it  is  quite  obvious  throughout  the  Highlands  of 
^^^^^tland,  that  this  action  was  not  the  same  as  the  mod'us  operandi^ 
^tever  it  was,  which  changed  the  original  layers  of  sand,  mud, 
I     ^  lime  into  cr3rstalline  laminae. 

'        ^^  short,  as  the  one  set  of  planes  traverses  the  other,  and  as  the 

'^ight  lines  of  parallel  slaty  cleavage  (wherever  they  occur)  are 

'^^ingly  distinguished  from  the  convoluted  and  twisted  layers  of 

^^tent  colour  and  composition,  we  are  at  a  loss  to  imagine  how 

^y^^  two  results  could  ever  have  been  referred  to  different  degreed 

^tensity  of  one  and  the  same  cause. 

.  -^  we  have  already  dilated  on  the  true  cleavage  as  affecting  the 

5*^^  rocks  of  Islay,  Easdale,  and  the  adjacent  tracts  of  ArgyU  and 

f^^^yhulish,  &c.,  it  will  be  remembered  that  in  rare  instances  only 

?|*^^  this  feature  coincide  with  the  layers  of  deposit,  any  more  than 

^  vTales  and  other  slaty  tracts.     Even  along  the  Highland  border, 

i*^^re  Mr.  Sharpe  says  that  the  foliation  of  the  mica-schist  and  the 

^^^vage  of  the  slate  **  are  both  vertical  along  lines  so  closely  corre-^ 

^^^^'^idxng  that  they  may  be  considered  continuous,"  we  found  in 

^^  slate-quarries  of  Dunkeld  that  there  was  a  clear  and  manifest 

^^  Bcport  Brit  Aatoc  Adv.  of  Science,  1856,  Trans,  of  Seotaona.  p.  78. 
^  8eeBepartBrit.Anoc.AdT.  ofSdenoe,  184a,Tnn8.Sect.p.60;  and  1857, 
^    ^86,AeL 

"^  Qiuurt.  Jonrn.  Geol.  See  vol.  iiL  p.  74;  toI.  t.  p.  111. 

{  Sdinli.  New  FhiL  Joorn.  1853,  vol.  It.  p.  137 ;  Phil.  Bfiag.  1856,  lii.  p.  127. 

I  Kotioei  'BapX  InHitiitioii,  June  6, 1856. 
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difltinction  between  the  planes  of  cleavage  and  the  lines  of 
as  marked  by  the  colour  of  the  slates.  Bat  the  parallelisi 
mica-schist  (a  sandy  quartzose  micaceous  rock)  to  the  c 
which  succeeids,  and  to  which  Mr.  Sharpe  applies  his  rei 
indeed  one  of  the  phenomena  on  which  we  have  been  all ) 
sisting, — vix.  that  these  different  mineral  masses  of  the  11 
sucoeeid  to  each  other  regularly,  and  are  fairly  linked  togeti 
to  form  one  great  series. 

In  truth,  if  the  observer  follows  any  one  mineral  strati! 
upon  the  strike  of  the  beds,  he  will  often  find  that  what  at 
tremity  of  it  was  highly  crystalline  is  at  the  other  much  mo: 
aad  unaltered.  Again,  if  he  examines  many  of  the  quartzose,  ( 
and  calcareous  masses,  he  cannot  fail  to  observe  the  essen 
racten  of  ordinary  stratified  sediments,  such  as  way-boards 
different  mineral  substances,  wavy  surfaces,  joints,  and  all 
comitant  appearances,  including  occasional  gritty  and  eve] 
layers. 

In  Mr.  Sharpens  mapt  there  is  one  dominant  feature  whi( 
with  our  observations.  He  gives  to  the  gneiss  of  the  L 
the  western  coasts  of  Sutherland  and  Ross  a  true  north- 
and  south-easterly  strike,  and  thus  exhibits  it  at  right  angl 
strike  of  nearly  all  the  other  crystalline  rocks  of  the  mainlai 
never  having  observed  the  true  order  of  superposition  of  the 
mineral  masses  in  the  north-west,  which  is  the  foundation  ( 
induction,  he  foUows  Macculloch  and  unites  all  these  crystaU 
in  one  gneissose  and  micaceous  series,  and  treats  all  our 
stratification  (and  as  such  they  were  viewed  by  Hutton  am 
Macculloch)  as  lines  of  **  foliation."  In  fact,  tliese  so-callec 
foliation,  and  the  transverse  sections  of  them  which  Mr.  Shar 
bits,  may  serve  in  a  broad  sense  to  represent  our  lines  of  strat 
In  his  generalized  and  theoretical  diagrams  also,  his  arch( 
spend  in  a  general  way  with  the  lines  of  anticlinal  axes ;  ^ 
difference,  however,  that  he  does  not  insert,  as  the  comph 
anticlines,  lines  of  synclinal  troughs  :t>  which,  as  we  have  sho^ 
previous  memoir,  do  really  exist.  Ho  has,  moreover,  omitt 
gather  the  bands  of  limestone,  which  are  of  such  importance  ii 
stniting  the  coincidence  of  stratification-planes  and  lines  of  1 
and  in  working  out  the  geological  structure  of  the  Scottish  Hi 

No  better  illustration,  indeed,  of  our  own  views  can  be  gi' 
by  referring  to  Mr.  Bharpe's  own  sections.  First  let  us 
general  sections,  figs.  I  and  2,  which  in  a  traverse  <^  nin< 
across  Scotland  exhibit  at  least  five  gre^t  anticlinals,  and  all 
ot  foliation  would  be  our  lines  of  deposit.  Next,  in  fig.  3,  ti 
sohist  of  Ben  Lomond  (chloritic  schist,  by  the  by,  in  groat 
represented  as  a  ''  foliated''  rock  dipping  to  the  S.S.E.,  w 

*  Mr.  Shtrpe't  leotioni  indeed  prove  thiB ;  for  thelinei  of  deaTigB  ii 
taraverBe  the  lines  of  foliation,  whidi  latter  are,  according  to  our  TiewA,  ii 
of  the  layers  of  deporition. 

tPbiLTfm.fi^plito24. 

$  UnJeif  his  '*m-thaped"  idUaltoi  wryr wsnto  ^  qrndinak , 
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affirm  tbat  it  is  most  clearly  a  depositary  rock,  the  lines  of  original 
bedding  of  which  coincide  with  the  lines  of  metamorphism,  since, 
besides  the  alternation  of  variously  coloured  schistose  layers,  there 
is  really  an  intercalated  hed  of  white  quartzose  and  rounded  pebbles, 
thus  clearly  proving  the  whole  to  have  been  originally  a  mechanically 
hnasA  deposit.  And,  again,  this  one  section  in  itself  demonstrate 
tiie  utter  disconnexion  between  such  true  stratification-planes  and 
deavage ;  for  in  advancing  to  the  S.E.  into  the  overlying  deposit  of 
day-slate,  its  layers  (folia  of  Sharpe)  are  found  to  be  traversed  by  a 
real  slaty  cleavage  of  which  there  is  not  a  trace  in  Ben  Lomond. 

In  %  4,  where  the  section  crosses  Loch  Tay,  and  where  the  dark 
•chists  have  no  cleavage,  Mr.  Sharpe  omits  the  great  feature  of  the 
case,  the  presence  of  those  regularly  bedded  limestones  which  dip 
imderBen  Lawers :  and,  if  he  had  taken  time  to  examine  the  internal 
■tnictun  of  the  country  further  to  the  N.W.,  he  would  have  found 
other  limestones  reappearing  together  with  the  inferior  quartz-rock 
beyond  Glen  Lyon,  in  the  Loch  and  Moor  of  Bannoch,  thus  forming 
^  other  side  of  a  great  trough. 

His  section  across  Glen  Shee  (fig.  5)  is  another  indication  of  those 
ondnlations  of  the  upper  schistose  strata  which  we  have  observed. 
^  that  tract  we  have  already  demonstrated  that  the  contortions  of 
we  original  strata  of  black  carbonaceous  schist  are  traversed  by  lines 
^  parallel  slaty  deavage*,  thus  showing  even  in  a  hand-specimen 
^  complete  independence  of  cleavage  from  those  lines  in  the  cry- 
^Wline  rocks  which  are  true  lines  of  bedding  and  arc  wholly  uncon- 
nected with  slaty  cleavage. 

When  Mr.  Sharpe  affirms  that  the  contortions  of  gneiss  and  micar 
•^^*ist "  are  fer  more  complex  than  are  ever  found  in  the  most  dis- 
'^l>€d  strata,  and  are  such  as  could  only  be  produced  in  matter  in 
•t  least  a  state  of  semi-fluidity,"  we  refer  the  reader  to  the  intensely 
j^^^ed  Carboniferous  strata  in  Bride  Bay,  Devonshire,  or  to  the  num- 
^^less  contortions  of  the  Devonian  rocks  of  the  Rhine.     In  the 
**^Xijian  schists  of  the  Lammermuir  Hills,  and  numberless  "  grau- 
-^^^ike"  rocks  in  other  tracts,  both  abroad  and  at  home,  multitudes 
^^^imilar  rapid  foliations  have  also  been  effected  after  the  strata  had 
?^^n  accumulated,  and  probably  before  they  underwent  that  change 
^^  which  they  have  passed  into  a  highly  crystalline  state. 
^^^  ^Again,  in  tracing  the  folds  of  the  different  mineral  masses  through 
^^^  north  of  Scotland  and  in  laying  them  down  on  maps,  we  have 
^^^vinced  ourselves  that  the  strata  so  reappear  on  various  parallels 
J^^d  so  exhibit  repetitions  of  the  same  geological  relations  to  each 
^^lier,  t.  e,  the  quartz-rock  and  limestone  occupying  one  zone,  and 
^^6  mica-schists,  the  ^'wcwi-gneiss,  and  clay-slates  another,  that  the 
^^rt  made  by  Mr.  Sharpe  to  unite  them  in  one  crj^stallhie  mass, 
^^hich  had  be«i  thrown  into  arches  through  the  process  of  "  foliation,** 
^,  we  conceive,  antagonistic  to  the  true  principles  of  geological  in- 
active reasonin.^. 

Looking  at  these  different  mineral  masses,  whether  as  they  succeed 
to  each  other,  or  as  they  often  gradually  change  their  li&ological 
*  Indicated  alao  in  Mr.  Shupe's  fig.  5. 
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chanutrr  in  their  latcnil  extension,  as  well  as  in   their  siU(H»i')rL 
from  quartz-rocks  into  mica-slates  and  vice  versa,  and  seeing  thatirx 
some  of  their  members  they  contain  Silurian  fossils,  we  have  nutu— 
rally  come  to  the  conclusion,  that  on  the  whole  the  er}'8talline  strati- 
fied rocks  of  the  Highlands  are  simply  the  metamorphosed  cquiyalents 
of  the  Silurian  gramvacke  of  the  Southern  Scottish  coimties,  in  whicli. 
there  is  quite  a  large  enough  area  of  varied  mineral  matter  to  accoua^ 
for  the  greater  part  of  such  stratified  crystalline  rocks,  particularly 
when  we  reflect  on  the  enormous  masses  of  granite,  porphyry,  an  A 
syenite  which  prevail  in  the  North. 

In  conclusion,  we  express  our  belief  that  the  so-called  "  foliation  *"* 
of  the  Highland  rocks  is,  on  the  whole,  nothing  more  than  such  ajx 
alteration  of  the  original  deposits  as  caused  the  siliceous,  felspathics  ^ 
and  micaceous  ingredients  to  form  separate  layers,  as  seen  in  soim^ 
instances,  though  in  others  they  are  intermixed  in  the  same  laycx*^ 
and  in  some  parts  are  simply  altered  sandstones  and  limestones  ¥itl»> 
organic  remains.  In  certain  cases,  like  those  pointed  out  by  Mr.  Sorb^'  • 
there  may  doubtless  be  cleavage-foliations  in  the  mica-schist,  bca.'t 
these  are  clearly  exceptions  to  the  general  rule. 

Although  wc  cannot  here  enter  upon  the  great  problem  of  ho"^^ 
such  changes  in  the  character  of  the  strata  have  been  brought  aboiL^^ 
yet,  looking  to  those  researches  in  this  line  which  have  already  be^'^^i 
made  (by  M.  lUschoff,  M.  Daubree,  M.'Delesse,  M.  Dcville,  Mr.  Steia.  ) 
Hunt,  and  others),  we  confidently  anticipate  that  the  experiments  ^of 
the  chemical  geologist  will  ere  long  solve  the  mystery,  and  in  doicrsg 
so  we  trust  that  they  will  confirm  the  conclusions  at  which  we  hi-."^^re 
arrived  by  a  suney  of  the  phenomena  in  the  field. 
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^^BARY  OF  THE  GEOLOGICAL  SOCIETY. 

From  November  let  to  December  Slst,  I860. 


I.  TRANSACTIONS  AND  JOURNALS. 

Preeented  hy  the  reepeetive  Soeietiee  and  Editore. 

I^tiean  Journal  of  Science  and  Arts.    Second  Series.     Vol. 
^o.  90.     November  1860.    From  Prof.  Silliman,  For.M.OJS. 

^  Billing's  <  Additional  Note  on  the  Potsdam  Fossils/  337. 
Xi.  Lesquereux.— C/oal-formations  of  North  America^  367. 
C  Lea. — Numerical  relations  between  Equivalents,  309. 
X.  Flay&ir. — ^Numerical  relations  between  the  Densities  and  Equi* 
valents  of  certain  Elements,  420. 

"^^ Union  of  London,  Report  for  1860. 

^^^^rance  Magazine.     Nos.  40,  41. 

H^naeum  Journal  for  July-October  1860.     Nos.  1706-1722. 

Notices  of  Scientific  Meetings,  &c 

Meeting  of  the  British  Association,  18,  59. 

Meeting  of  the  International  Statistical  Congress,  94,  128. 

A.  Grav.— The  Origin  of  Species,  161. 

J.  W.  Dawson's  'Archaia,'  noticed,  198. 

G.  Buist  and  J.  R  Tennent— Fresh  water  in  Coral  Islands,  196, 229. 

H.  James,  J.  B.  Jukes,  G.  B.  Aiiy,  W.  R  Hicksoh,  and  H.  Hen- 
nessv.— Change  of  Climate,  256,  323,  365,  384,  385, 416, 460, 4a3, 
613.* 

J.  Tvndairs  '  The  Glaciers  of  the  Mps,'  280. 

A.  It.  Johnston. — Ben  Nevis,  326. 

R.  Damon's  <  Handbook  to  the  Geology  of  Weymouth,'  noticed, 
376. 

J.  R.  Leifchild's  '  Sketch  of  the  Geology  of  the  Counties  of  Glou- 
cester and  Hereford,'  noticed,  375. 

J.  Rogers.— Earthquake  in  Kent,  367,  387. 

C.  Dauben/s  *  Remarks  on  the  Orinn  of  Species,'  &c.,  noticed,  387. 

J.  D.  Forbes's  '  Reply  to  Professor  TyadalTs  Remarl^'  &c.;  422. 

J.  a  Henslow.— Flints  in  the  Drift,  616. 
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Athenaaum  Journal  for  Noyember  and  December,    Kos*  1723-Ii3i 

Meetinf?9  of  Scientific  Societiea, 

C.  R.  Bree'fl  *  Spwries  not  tramsmutable,  nor  the  Result  of  Se^alSf 

Causcsi'  noticed^  686* 
J,  8.  Hi^nHlow.^Flint-hatcLets  iii  thp  Drift,  692. 

F.  L.  M*Clmtock.— North  Sea  Soimdmgs,  670* 

G,  B.  Airy.— Change  of  Cliranto,  670, 
W.  E.  Hiclcflon.— Chaoges  of  Climate,  83L 
G.  C.  Wnllich'a  '  Notes  on  Ainmel  Life  in  deep  saa.'  noticed,  8aa 
J.  PhilliBa'a  ^  Life  on  the  Earth,'  noticed,  907* 
W*  B.  Clarke*a  fR42aearches  in  the  Son  them  Qold-^fiddi  ofKs"  i 

South  Wflles,'  913.  ! 

I 
Basel,  VerhandlimgenderNatuiforseheiideiiiGesellBchaftill.  Zweiter 
Theil.     Yiert«s  Heft.    1860, 

C,  F,  Hchoenbein. — Cheniische  Notiien,  41&-£^  | 

Berlin*     Abhandlungen  der  Konig,  Akad.  der  WiiS€iiidch.    Im^ 

Jahre  1859.     1860, 

Preisfmgc  d.  phys^-math*  Elaaae  d.  K.  Preuss,  Akad*  d,  W^ 


fiirdas  Jahr  1863. 

^-^.      Zdtschrift  der  BDutsch.  geoL  Gesclkchatt.      Band  ^ 
;  HQit  1 ,     Novetiibei*  1 859-Jaa^iat7  1860. 

VertiandluBgen  der  Oaselkchaftf  1-12, 

Briefliche  Mittheilunj^ii,  13. 

C.  Losaen. — Ueber  einlgo  Lituiten,  15  (plate), 

Q.  voni  liath. — Skizzau  nus  dem  vulkanUcheii  Q^biete  d«s  NliW 

rhein,  29. 
—  Hosiufl,^Bt^itrago  zor  Gec^gnoeie  WefltphaleDJp  48  (mi|»). 
K.  V,  Fritach. — Geognoetiache  Skizze  dt^r  I'nag-egend  von  Ilm^i^ 

am  Thurinpir  Wdde,  97  (map  and  2  pUt^). 
J,  G.  Bom*?mann. — Ueber  ^inige  Foraminitereu  bus  den  Terdiilvl 

dun^n  der  Umgip^nd  von  Mapdebuj|r*  156  (plate). 
O*  Gnepenkert  —  Kine  n&ue   Ceratiten-Form  and   di-ni   tmtenti 

Wellenkalke,  160  (plate). 

Bombay  Geographical  boeicty.    TranaacUoBfl*    Vol.  iv,    ISflO. 

G.  Biiist. — Geology  of  Lower  Egypt,  L 

A.  W.  Stifle.— Hot  Spriugs  of  Basher^  near  Muscat,  12S  (map). 

Calcutta.     Journal  of  the  Asiatic  tSociety  *'f  Ben  gal-     New  Seii* 
Ko,  104.    i860,  Ko.  3. 

J.   ObbaTd.^Traiifilation  of  waves  of  wistar  -with   relation  to  ti 

Mood  of  the  Indua  in  1868,  2t3d 
J,  11.  PratL— Wftvea  of  Translation  md  Blver-flocKl  of  the  ladJ 

274. 

Canadian  JotimaL     New  Serios,     No.  30.     ^'ovemher  I860; 
C.  Hobb,— PhTfticfll  Geology  of  Western  t'auad*,497. 


I 


J,  Ball. — Fonnatioa  oi  Mountain-rangea^ 


adian  Journal  (eoniiMued). 

£.  J.  Chapman. — ^Rules  for  calculatinff  the  thickness  of  inclined 

Strata,  644. 
Canadian  Expeditiona  to  the  North-west  Territory,  54(!L 

■dian  Naturalist  and  Geologist.    Vol.  t.    No.  5.    October  1860. 

Life  of  Bayid  Douglas  [Volcanoe  of  Hawaii],  329. 

Acton  Copper-mines,  M9, 

J.  W.  Dawson.— Earthquake  of  October  1860,  363. 

Lord  Wrottesley. — ^Address  to  the  British  Association,  383. 

ac.    VoLxxi.    Nos.  539-647. 

Meetings  of  Scientific  Societies,  &c. 
J.  PhilfipB^B  <  LLfe  on  the  Earth,'  noticed,  671. 
C.  S.  Forbes's  <  Iceluid,  its  Volcanos,  Geysers,  and  GlaciexBy'  notieed^ 
806. 

blin  Geological  Society.    Journal.    Yd.  viii.  Part  8.    1860. 

E  T.  Geoffh^ran  and  B.  T.  Patterson.^Section  through  the  Silurian 

and  Carboniferous  Strata  of  Hook  Head.  Wexford,  187. 
S.  Haufarhton. — Geology  of  the  Arctic  Arcnipelago,  196. 
G.  H.  Kinahan.-^A  Keversed  Fault  in  the  Leinster  Coal-field,  213. 
Anniversary  Address,  227. 
W.  H.   Bily.—CarynqOerUf  a  new  fossil  Fern  and  other   fossil 

plants  from  Limenck,  237  (plate). 
R,  H.  Scott. — ^A  new  metaUic  ore  firom  the  Connorree    Mines, 

Wicklow,  241. 
A.  Gages. — Formation  of  Orpiment  in  a  mass  of  Sulphate  of  Baiytes, 

from  the  Carboniferous  Limestone  of  lipperaiy,  24^. 
A.  B.  Wynne. — ^Mining-dlBtricts   of  Snyermines,  Tipperary,  244 

fmap).  ' 
J.  Kelly. — Greywacke  rocks  of  Ireland  and  England,  251. 

^.     Journal  of  the  Royal  Dublin  Society.    No.  1.    April  1856. 

-.     .    No.  11.     0*ctober  1858. 

£  Byrne. — Separation  of  Copper  and  Iron  by  Ammonia,  14^ 

Qva.     Society  de  Gc^ographie  de  G^n^ve.  M^moires  et  Bulletin, 
ol.  i.  Part  1.     Juin  1860.  From  Sir  C.Li/eU,  V.P.GJ3. 

F.  Berton  et  Degroot. — D^couvertes  m^talluigiques  dans  California, 
23  (map). 

legist.     Vol.  iii.    Nos.  35,  36.    Nov.  and  Dec.  1860. 

S.  J.  Mackie.— Geology  of  Folkestone,  393. 

A  Delesse. — ^Pseudomorphs,  396. 

8.  J.  Mackie. — ^Fossil  Fhnt  Implements,  404. 

G.  E.  Roberts.— Geology  of  the  Severn  Valley  Railway,  43a 
C.  Moore. — ^New  Jurassic  Brachiopoda,  438  (plate). 

T.  Austin. — Protoechinus  aneeps  ftbm  Hook  Point,  and  Palachimu, 

446  (figure). 
T.  R  Jones. — ^Wealden  Paludiiue  and  Uniones^  448  (plate). 
Proceedings  of  Societies,  406, 464. 
Notea  and  QuAiiesy  416, 458. 
Baviewi,  4^  404. 


244  liOJUkTiQS^. 

Gfedogists' Aafioeiation*     Proceedings.    No.  5,     1890, 

C,  Tomlbson.^The  iwtion  of  htat  on  certum  SiuuUtoa^  of  Y«k' 

shire,  50. 
S.  X  Mackie. — Flint  Implementa  found  in  tlie  Drift,  55. 
W.  H.  Bt^nated.— The  Kentish  Hufatane  as  esdiibiied  m  tk  Iga** 

nodfin-quanr  at  Mftidstone,  57  (p^ate). 
C*  B.  Rose.— iTie  Hoatoid  appearaiic^  on  some  f&jctd  ftinte  n^  ta 

buildings,  60, 

Glasgow  Geological  Society.    Transactions.     No.  1.    IBilD, 
J.  Young. — Creology  of  the  Campsie  District,  6  (2  pZaioA). 

Gratz.     Fiinftcr  Beriobt  des  geoguoatisch-niontanistischcii  Vpreii"* 
far  Btdermark.     1856,     From  Prof.  Morris,  F.G.S, 

Iliiiiptaa^weis  itber  die  im  IlerKOKthuine  Steiern^ark  e^wwrne*** 

Bergwerkfl-Producte  und  denju  Berw^rtliung :   iur  don  Militia 

Jahr  ia>4,  Jfce. 
R  Rolle. — Uebt^r  die  im  Soiumer  1B.'55  auBgiefiihrtwi  geofnostl^cb 

llntersuchunptn   im  w^stUchen  TbeDe  Ton  Mittel-  nnd  X^if^ 

Bteiermark,  2ft, 
A.  Miiller.— Uebf«r  die  g(*ognostiiiche  Erfb?^hiing  der  Utngebung 

St,  Michael  nod  Kraubath  in  Oberstejer,  53  (plate). 
F.  Seeland. — Ueber  die  geogn,  Begehung  der  siiddstlicheA  Ui 

bung  von  Leoben,  77, 


,    Beebster  Bericht,     1857, 

iTauptauaweise   iiber  die  BenrwerkB-Pfaduct«»  Ac,  fiii'  da«i    Ji 

1855,  - 

F.  Rolle. — Geogu^  Unterauobungen  im  westlii^ben  Tbeile  von  UbIj 

eteiennark,  0, 

-^ — ,     Aehter  Beriebt.     1S59. 

Th,  V.  Zdllikofer. — Ueber  die  Ergebms:3e  dcr  im  Sommer  1868 

iTtiterateier  auagBfuhrten  preogn'ostiscben  Begehuujjeu,  1  (2  pli.)^ 
Ilauptausiweis  iiber  die  Bergwerka-Pi'odu<*te  fur  dan  Jabr  1S57*. 

Great  Britain,  Geological  Survey  of.     Memoirs,     1  J^60.      From 
Director- Gfneral  of  the  Geological  Survti^, 

E.  HidL—The  Geology  of  the  eountiy  an>nnd  Wigau. 

,     Kemoirs.     1860. 

W,  T.  Ayellne  and  B*  Treneb.— The  Geology  of  part  of  Ndrtbuof 
tonsbire  (Deaeription  of  Quarter-sheet  No/ 63  J^E.), 

U,  P.  Wall  and  J*  G.  Sawkins.— H/^port  on  the  Geology  of  Triuid 
or  l*art  I.  of  tlv©  We!?t  Indian  Surrey* 

■ '.     Mining  Records,     1860- 

B.  Hunt.— Mineral  SUtiatica  of  tte  Unit«d  KingdoiOi  ^fec,  hfi- J 
Fart  2  for  185B.       _^^^^^^^^^^^^^^^m 
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obart  Town.  Papers  and  Proeoedings  of  the  Royal  Society  of  Tas- 
mania.  YoL  iii.   Part  2.    1859. 

C.  T.  Downing.— Norfolk  Island,  195. 

iorticultoral  Society.    Proceedings.   Vol.  i.     Noa.  18, 19. 

[istitution  of  Civil  Engineers.     Proceedings.     VoL  xviiL     Session 
1858-59.     1859. 

M.  R  Jackson. — Water-supply  to  the  City  of  Melbourne,  303. 

[natitut,  l\      Sect.  I.  Nos.  1396-1406.       Sect.  II.  Nos.  294,  295 
(in  one). 

Meetings  of  Scientific  Societies,  &c 
linnean  Society.     Jonmal  of  the  Proceedings.     Vol.  v.     No.  18. 

literary  Gazette.     New  Series,     Vol.  v.    Nos.  124-131. 

Meetings  of  Scientific  Societies,  &c. 

6.  Grote's  'Plato's  Doctrine  respecting  the  Rotation  of  the  Earth; 

and  Aristotle^s  comment  upon  the  doctrine,'  noticed,  411. 
C.  R.  Bree's  '  Species  not  transmutablc/  noticed,  430. 
J.  Phillips's  'Life  on  the  Earth,'  noticed,  490. 

'Tj^^T^L  Transactions  of  the  Historic  Society  of  Lancashire  and 
Qieshire.     VoLxiL     Session  1859-60.     1860. 

^^^n,  Edinburgh,  and  Dublin  Philosophical  Magazine.  4th  Series. 
J;_  ^1.  XX.  Nos.  134, 135,  &  136  Suppl.  Nov.  and  Dec.  1860.  Fron^ 
">*.  W.  Francis,  FQ.S. 

^.  Schneider. — Volumetric  determination  of  Antimony,  342. 

-A.  and  F.  Dupr^. — Spectrum-analysis  of  London  Waters,  373. 

Scheibler.— The  Tungstates,  374. 

^'ohler.— New  Salts  of  Suboxide  of  Silver,  376 ;  Titanium,  377. 

Caron. — Metallic  Calcium,  376. 

^lichel  and  Wohler. — ^Allovs  of  Aluminium,  377. 

Heintz  and  Richter. — Artificial  Boracite,  378. 

Nordenskjold  and  Chydenius. — Crystallization  of  Thoria,  378. 

E.  JjKTtet. — ^Arrow-heads  in  a  cavern  in  Lan^ruedoc,  400. 

T.  F.  Jamieson. — Crag-shells  in  Aberdeenshire,  401. 

R,  Owen. — Fossil  Vertebra)  firom  Frome,  401. 

B.  Wood.— Fusible  Metal,  403. 

K.  A.  Smith. — ^Arsenic  in  Coal,  408. 

D.  Foibes. — Darwinite,  a  new  mineral  from  Chile,  423. 

0.  Fisher.— Denudation  of  soft  Strata,  483. 

J.  W.  Dawson. — Fossil  Fern  from  Nova  Scotia,  485. 

G.  Rickman. — Section  and  Fossils  at  Dulwich  and  Peckham,  486. 

^»ginan*8  Notes  on  Books.     Vol.  ii.    No.  23.    Nov.  30,  1860. 

*«olianic8'  Magazine.    New  Series.    Vol.  iv.    Nos.  97-103, 105. 
^       ^eetingB  of  Scientific  Societies,  &c. 
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^I<>8cow.     Bulletin  dc  la  Soc.  Imp.  des  Natnralistcs  de  Moecoo. 
Annc'o  1859.     Xo.  2.     1859. 

11.  Tmiitscliold.— Uober  Petrefakten  vom  -fVralsce,  303  (3  plates). 
I.  Iljcnkot*. — Analyse  des  Honigstoins,  aus  der  Kohlen^rube  von  M»- 

lavka  im  Ciouvemment  Tula,  547. 
(J.  Kade. — Uober  Litttus perfectus,  Walilcnb., 621. 

.     .     Nos.  3and4.     1859. 


II.  Traiitschold. — Recherches  gdologiques  aux  enyirons  de  Mopo^ 

109(2  plates). 
\\.  Hennann. — Ueber  die  Zusammensetzung  der  Epidote  iind  Yc*'*^' 

viaiio,  L>()0. 
II.  (f.  di^  Claubrv. — De  la  determination  dans  les  eaux  natiirelle?  ^ 

minerales  des  proportions  d^acide  carbonique  ou  sulphydriquc  lib^ 

ou  combin<5s  avec  les  bases^  428. 

-.     1800.     No.  1.     1860. 


P.  A.  Kelill>erg. — Verzeichniss  der  Erdbeben  welcbe  in  Tselengins 
in  den  .Tahren  1847-67  beobachtet  worden,  303. 

Nouveaux  Momoires  do  la  Societe  Imperialc  des  Naturalists 


dc  Moscou.     Vol.  xi.  1859.     Yol.  xii.  1860. 

.    '.    Vol.  xiii.    livr.  1.    1860. 

J.  Auerbach  imd  H.  Trautscbold. — ^Ueber  die  Kohlen  Ton  Centn 
Kussland;  1  (map  and  2  plates). 

Munich.     Gelehrto  Anzeigen.     Yol.  xKx. 

A.  Wa<ruer. — Monographic  der  fossilen  Fische  des  lithographischi 

Schi«'fer.s  9,  17. 
Sclierer. — Massanalytische  Bestimmung  yon  Eisenoxjd  durch  unte 

schwelliprsaures  Natron,  il  s.  w.,  193. 
A.  Vogel. — Der  Torf,  seine  Natur  und  Bedcutung,  noticed^  257. 
().  Pudincr. — Die  Feiiermeteore,  noticed,  361. 
A.  Wa^nier. — Ueber  eini^  im  lithograph.  Schiefer  neu  au^efundei 

Scbildkrok^n  und  Sauner,  563. 

.     .     Vol.  50. 

A.  Wajrner. — Die  GritFelzahnor  (Stylodontes),  81. 

.     Ueber  das  Vorkommen  ernes  fossilen  Fisches,  im  Jundoli 

mite,  102. 
.    Zur  Charaktcristik  der  Gattongen  Saurcpsis  mid  Ihchyconm 

nebr»t  ihren  Verwandten,  209. 
Von  K obeli. — Ueber  eine  ci^nthiimliche  Satire,  Diansaure,  in  c 

Gmppe  der  Tantnl-  und  Niobverbindunffen,  877. 
A.  Wajnior. — Vergleichun^  der  urweltUcnen  Fauna  des  litbo^ 

pliischen  S(;hiefers  von  Cirin  mit  den  gleichnamig^n  AUager^ 

pen  im  Friinkischen  Jura,  390. 
.     I'eber  die  Verschiedenheit  der  Arton  ron  leMkyeamr^ 

412. 
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Cuxuch.     Bitzungsberichte  d.  k.  bayer.  Akad.  d.  Wissensch.  zu  Miin- 
clicn,     1860.    Hefto  i.  ii.  iii. 

A.  Wagner. — ^Ueber  die  Arten  von  Fischen  und  Sauriem,  welche  im 
untern  wie  im  obem  Lias  zugleich  vorkommen  sollen,  36. 

-< — .  Ueber  fossile  Fische  aus  einem  neuentdeckten  Lager  in  den 
siidbayerifichen  Tertiar^bilden^  62. 

C.  von  Maitius. — DenkrcSe  auf  J.  F.  L.  Hausmann,  67. 

A  Wagner. — ^Ueber  fossile  Saugthierknochen  am  Chimborasso, 
830. 

■ .    Abhandlungen  d.  math.-phys.  Classe  d.  k.  bayer.  Akad.  d. 

Wissensch.    Vol  viii.    Part  3.     1860. 

A.  VogeL — ^Ueber  die  Zusammensetzunff  eines  Gletschor-schlammes 

Tom  Dachsteine  am  HaUstadter  See,  627. 
A.  Wagner. — Die  fossilen  Ueberreste  von  nackten  Dintenfischen 

au8  dem  lithonaphischen  Schiefer  und  dem  lias  des  sUddeutschen 

Juragebirgee,  749  (plate). 

■^8.     Bulletin  de  la  Sod^t^  G^logique  de  France.  Deux.  S^r. 
^ol.  xvii.    Fouil.  13-44.    Janvier-Mai  1860. 

^.  Hockstetter. — Recherches  gSologiques  faites  k  Tapaipoumamoa, 

ile  moyenne  de  la  Nouvelle-Z^lande,  103. 
^-  Puggaard. — Sur  lea  calcaires  plutonia^s  dea  Alpea  Apuennea  et  du 

Monte  Piaano.  199. 
^  •  Guillemin. — ^Ezplorationa  min^ralogiquea  dana  la  Ruaaie  d'Europe, 

232  (plate). 
'^.  Dumortier. — Sur  quelquea  foaailea  recueillia  prfta  de  Dax  (Landea), 

241. 
^.  Thomaaav. — Hydrologie  du  Miaaisaippi;  242. 
^Slarcel  de  Serrea. — ^Dea  eapScea  perduea,  et  dea  racea  qui  ont  disparu 
dea  lieux  qu'ellea  babitaient  pnmitivement;  depuia  ou  avant  notre 
existence,  262. 
^.  Paaay. —  Sur  la  carte  g^ologique  de  TOiae,  269. 
^^ray  et  J.  Foumet — Sur  la  production  de  Cristaux  dana  lea  rochea 

k  r^tat  aubaoHdC;  276,  277. 
!£d.  Hubert — ^Du  terrain  juraaaique  aup^rieur  aur  lea  c6tea  de  la 

Manche,  300. 
A.  LaugeL— Sur  la  G^olo^e  du  D^partement  d'Eure-et-Loir,  316. 
De  Vemeuil,  Collomb,  Tnger,  et  Cotteau.— Sur  une  partie  du  paya 
Baaque  Eapagnol,  auivie  d'une  description  de  quelquea  Echmo- 
dermea,  333  (plate). 
G.  Cotteau. — Sur  le  genre  ffeteroeidaris,  378  (plate). 
Ad.  Chatin. — Sur  Teau  min^rale  et  la  roche  de  oaxon  en  Valais, 

381. 
Em.  Benoit — Sur  lea  terrains  tertiairee  entre  le  Jura  et  lea  Alpea, 

387  (plate). 
De  Vibwiye. — Sur  la  d^couverte  d'un  nouveau  giaement  de  vertdbrea 

k  Chiten£^  (Loir-et-Cher),  413. 
A  Boud. — Statiatlque  m^thodique  dea  Soci6t^  aavantea,  &c.,  421. 
Th.  Ebrav. — Sur  lea  d^ta  a  ooiitbea  ferrugineuses  du  D^partement 

de  la  JiikYie,  422. 
ConiueL— Sur  I'^tage  n^ocomien  du  D^partement  de  la  Haute-Marne, 
425. 
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l^uis.     Bulletin  de  la  Societc  Geologiquc  dc  Prance  {eontlnutd). 

Ponzi.— iSur  dcs  ossements  fossiles  trouv^s  dans  lea  travertiia  pits 

de  'J'ivoli  et  do  Monticelli,  431. 
G.  B<'r<reroii. — Siir  la  phosphorescence  d*ane  variety  de  Lapis-Linili 

4:iL>. 
A.  B()U(5. — Sur  la  symm^trie  de  la  surface  du  globe,  et  sur  I'^wuMew 

de  la  croiite  torreatre  a  diff^rentes  ^poques  gtk>logiques.  4.3o. 
De  Binkhorst. — Sur  les  couches  cr^tac^es  du  jLimbouig,  459. 
Marquis  de  \'ibraye. — Sur  les  ossements  fossiles  et  une  nachoi 

bumiiine  trouv^s  dans  les  grottes  d*Arcy-8ur-Yonne,  462. 
\\'.  Swjirsood. — Ihi  Cerium  oxyd^,  478. 

( 'h.  Lory. — Sur  un  risement  de  Nummulites  en  Maurienne,  481. 
J.  Beaudouiu. — Siu-dos  silex  tallica  trouv^aux  enTirons  de  Ghatill* 

8ur-8eine,  488. 
Lartet.— Sur  des  os  foasiles  portaut  des  euipreintcs  attribu^s  a 

main  de  rhomme,  402. 
J.   (Josseh't. — Sur  des  fossiles  siluriens  trouv^s  dans  le  BnJx 

( Bel^noue),  495. 
MaKiuis  do  iJaiucourt. — Sur  un  gisemeut  dc  la  partie  sup^rieure  < 

sables  moyens,  499. 
V.  IJauliii.-^Sur  les  AbnjTOS  de  la  Crete,  504. 
Til.  Ebray. — Sur  la  composition  g^ologique  du  sol  des  enviroDi 

MacDii,  o07. 
V.  de  l*rado,  de  Vemeuil,  et  J.  Barrande. — Sur  Pexietence  dt? 

fauiie  priinordiale  dans  la  chaine  Cantabrique,  516  (3  plates). 
E.  (ie  ^  erueuil  ct  Caux. — Sur  des  ossements  fossiles  et  des  s 

taillt\>s  trouvt^s  dans  la  sabliero  de  rWcy  (Oise),  555. 
A.  Delesjio. — Sur  les  pseudomorphoses,  656. 
II.  C\  Sorby. — De  Taction  prolong^e  de  la  chaleur  et  de  Tcau 

diilereiitos  substances,  508. 
II.  (.'.  Sorby.  —Sur  Tapplication  du  microscope  a  T^tude  de  la  G^ol 

])liyMque,  571. 
J.  Biirraiide. — Troucature  normale  ou  p^riodiquo  de  la  coquille  • 

certains  Cephalopodes  pal^ozoiques,  573  (plate). 
K.  (loubert. — Doux  dcbantillons   de  mame  blanche  avec  C»Ji 

t^ou^es  a  Roniainvillo  (Seine),  (MX). 
.].  BMrranib'. — Colonies  dans  le  ba8sin  silurien  de  la  Boheme,  00: 
\\.  'rii(»nia>sy. — Sur  Thydrologie  maritime  et  sur  les  lignes  d*eqi 

lure  <le  roceau  Atlantique,  (KKJ. 
Anea.— Sur  la  d(^couverto  en  Sicile  de  deux  nouvelles  grottes  a  c 

ments  fossiles,  680,  084  (2  plates). 
Tb.  J']])rav. — Siu-  le  mode  de  formation  des  poudingues  de  Nemc 

mi    * 

.     Sur  la  consequence  du  principe  de  snrdissolution,  697. 

Miebel. — Coupe  du  terrain  silmden  aux  enyirons  de  Domfront  (Oi 

098. 

Com])tes  Kendus  hebdom.  des  SeanccB  de  I'Acad.  des  Scicu 


Vol.  11.     Nos.  5-17.     1860. 

— . .     Tables.     Prem.  Som.  1860.    Vol.  50. 

Voizot. — Considerations  sur  Toriffine  de  runivers,  tir^  de  la  > 
vii.  ot  demiore  de  TExposition  du  *  Svsteme  du  Monde '  de  Lip* 
iaJ3.  '  -^  .  *" 

Sorliv. — Dc  Taction  prolongt^^  de  la  chaleur  et  de  Teao  but  dir* 
substances,  090. 
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Aulagmer. — ^Action  diBsolyante  des  eaux  sur  les  calculs^  149. 
CaiUat— Sur  un  proc^d^  partdculier  d'application  des  eaux  min^rales 

usit^  aux  bains  d^Herciue  en  Hongrie,  684 
Jackson. — ^IMcouTerte  d'un  bloc  de  fer  m^t^orique  dans  TOregon 

(Etats-Unis  d'Am^rique),  105. 
R.  L  Muichison. — ^NouyeUe  classification  des  anciennes  roches  du 

noid  de  TEcosse,  713. 
Foumet — Sur  un  fiulle  s'^tendant  de  Tile  de  la  Galite  k  la  mine  de 
Kef-Oum-Theboul  en  Alg^rie,  902. 

.     Sur  la  difiusion  d'une  mati^re  organico-min^rale,  et  sur  son 
role  de  prindpe  colorant  des  pierres  et  des  rocbes,  1175. 
Elie  de  Beaumont — Sur  une  recrudescence  des  pb^nom^nes  volca- 
niques  et  des  tremblements  de  teire ;  Eruption  du  Tolcan  de  Tile 
de  la  Reunion ;  tremblement  de  terre  k  Samt-Domingue,  899. 
Palmieri.— Sur  T^tat  actuel  du  V^suve,  726. 
Liais. — InclinaiBon  des  coucbes  de  rocbes  ar^nac^es  modemes  des 

cotes  du  Br^sil,  762. 
Beautemps  et  Miliner. — ^Fragment  de  rocbe  d^tacb^e  du  grand  banc 

de  Terre-Neuve,  824. 
Anca. — D^ouverte  en  Sicile  de  deux  nourelles  grottes  a  ossements 

fossiles,  1139,  1203. 
Guiet — Sur  les  demi^res  revolutions  du  fflobe^  448. 
Delesse. — Recbercbes  sur  les  pseudomorpboses,  944 
Marignac. — Sur  la  formule  de  la  zircone,  952. 
Cappa. — ^Analyse  cbimique  de  deux  vari^t^s  de  Cotunnite  recueillies 

apr&s  r^ruption  du  V^suve  de  1858,  955. 
Damour. — ^Examen  min^ralogique  et  analyse  cbimique  d'un  p^trosilex 
glanduleux  recueiUi  par  M.  Elie  de  Beaumont  sur  la  pente  des 
Coevrons  (Sartbe),  989. 
Lartet. — Sur   Tanciennet^    g^ologique  de  Tesp^ce  bumaine   dans 

TEurope  occidentale,  599,  790. 
Gosse. — Sur  des  silex  taill^  trouy^  k  Paris,  812. 
Gaudry. — Sur  les  plantes  fossiles  de  TEub^e,  1093. 
A.  Sismouda. — Sur  un  nouyeau  gisement  de  fossiles  jurassiques  des 

Alpes,  1190. 
Seccni. — Sur  le  tremblement  de  terre  qui  le  22  ao&t  a  d^truit  la  yille 

de  Norcia,  377. 
Prost — Sur  les  trepidations  du  sol  dans  une  partie  de  la  yille  de 

Nice,  596. 
Durocber. — Sur  Forograpbie  et  la  g^ologie  de  PAmerique  centralo, 

1170. 
A.  Vezian. — Sur  les  syst^mes  de  la  Margeride  et  des  Vosges,  re- 
spectiyement  perpendiculaires  k  ceux   du    Hundsruck    ct    des 
Ballons,  89. 

.     Sur  les  mouvements  ff^neraux  de  T^corce  terrestre,  814. 

OmbonL — Sur  les  terrains  sedimentaires  de  la  Lombardie, 

Lorry  et  PiUet. — Sur  la  presence  de  Nummulites  dans  certains  gr6s 

de  la  Maurienne  et  des  Hautes-Alpes,  187. 
Mdne. — Sur  certains  sclustes  calcaires  des  montagnes  du  Bugey, 

445. 
Simonin. — Sur  les  gisements  aurif^res  de  la  Califomie,  389. 
Scipion  Gras. — Sur  Topposition  que  Ton  observe  souvent  dans  les 
Alpes  entre  Tordre  stratigrapbique  des  coucbes  et  leurs  caract^res 
paieontologiques,  754. 
Marcel  de  Serrcs. — Sur  les  depots  r^cents  des  cotes  du  Brdsil,  007. 
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virons d'Lssel  (Aude),  1086. 

.     Sur  la  (:lii.ssification  des  m^taux  d'Haiiy,  167. 

.    Noiivel  ordre  a  ^tablir  parmi  lee  substancee  m^talliqiM,  3k 

Compter  lUmdiis  hebdom.  des  Stances  de  TAcad.  des  Sdenoes. 


Vol.  xli.     Nos.  18-22.     1860. 

.     [Mcmoiros  de  TAcad.  des  Sciences  de  rinstitat  Imperial^ 

Franco.     Vol.  xxx.     1860. 

Photographic  Society.     Journal.     Nos.  103,  104. 

Ivio  do  Janeiro,     lie  vista  Brazileira.     Jomal  de  Sciendas,  Lett^ 
o  Artos,  dirigrido  por  Caudido  Baptdsta  do  OUveira.     Numcro 
Jan.  ls,"iiK     From  Sir  C.  Lijell,  V.P.O,S. 

C  H.  do  Olivoira. — Memoria  sobre  as  condi9oc8  geologicas  dopor^ 

do  Ilio  df  Janeiro,  07  (map^. 
F.  L.  (\  IJiuianiaque. — ^^oticla  dcerca  de  al^uns  inineraes  e  rochP' 

do  vnrias  provinoias  do  Brazil,  recebidos  in  Museo  Nacional  dxJ 

rante  o  anno  de  1855,  73  (plate). 
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I>ouh'sin<:aidt. — Da  terra  vegetal  considerada  cm  sens  effeitos,  369. 
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F.  J'iold.— Tho  Mineral  Treasures  of  the  Andes,  190. 
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N.  S.  Muskolvno. — Diamonds,  229. 
\\'.  IVnjrrlly.* — Devonian  Fossils,  263. 
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Royal  Society.     Proceedings.     Vol.  x.     No.  41. 
J.  IT.  l*ratt. — Ciir\atui'e  of  the  Indian  Arc,  648. 

St.  Petersburg.     Bulletin  do  P  Acad.  Imp.  des  Sc.  de  St-PetenbooEJ 

Vol.  ii.     Nos.  1-3.     18G0. 

K.  K.  Rauur. — Sur  uue  loi  g^n^rale  de  la  formation  da  lit  des  rivite^ 

I,  218. 
A.  de  Middondorii. — L'ile  d'Anikief  dans  la  mer  Glaculsy  pxte^' 

Kola,  ir>L>. 
('.  dans.— Sur  Ics  metaux  qui  accompaguent  lo  platinc,  168.       ^ 
J.  I\  Rriiiult.—Sur  uu  squclette  de  Mastodon^  trouvtf  presde  K  ~3 

laioi;  \\yx 
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t.  Petersbuig.  Mem.  de  PAcad.  Imp.  des  Sc.  de  St.-Petersbourg. 
e^  Bene.  Sc.  Math.,  Phys.  et  Nat.,  Vol.  ix.  Prem.  Part.  Sc.  Math. 
et  Phys.,  Vol.  vii.     1859. 

H.  Abich. — ^Veigleichende  chemische  Untersuchungen  der  Wassor 

des  Caspischen  Meeres,  Urmia-  und  Van-See's,  1  (2  plates  J. 
— ^.     Ueber  daa  Steinsalz  und  seine  geologische  Stellung  mi  rua- 

riflchen  Armenien,  59  (11  plates). 
A  V.  Eokscharow. — Ueber  den  russischen  Phenakit,  175. 
G.  T.  Helmersen. — Geognostiche  Bemerkungen  auf  einer  Reise  in 

Schweden  mid  Norwegen,  293  (3  plates), 
n.  Abich. — Ver^leichende  Gnindziipe  der  Geologie  des  Kaukasus, 

wie  der  armemschen  und  nordi^ersischen  Gebirge,  359  (S  plates). 
.    Beitrage  zur  Palaontologie  des  asiatischen  Russlands,  535 

(8  phites). 

.    .    VoL  X,    Sec.  Part.  Sc.  Nat.,  Vol.  viii.     1859. 

.     .    7"«S&ie.    Vol.ii.    Nob.  4-7.    1860. 

N*.  T.  Kokachaiow. — ^Anhang  zu  der  Abhandlung  *'  iiber  die  russi- 
schen Topase." 

M!,  V.  Griinewaldt — Beitrage  zur  Kenntniss  der  sedimentaren  Ge- 
birgsformationen  in  den  Berghauptmannschaften  Jekatherinburg, 
Slatoust  und  Kuschwa  (6  plates). 

<aet;y  of  Arts.    Journal.    Vol.  viii.    Nos.  415-423. 

Q-.  R  Bumell.— Preservation  of  Stone,  830. 
Oonsular  Information,  77,  90. 
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Holtmark. — Chrysotil  och  Serpentin  fran  Sala,  282. 
Igelstrom. — Stilpnomelan  och  JPektolit  i  Sverige,  399. 
iSljebory.— Fynd  af  fossilt  Hvalskelett,  327. 
NordensMold. — Gadolinitens  kristallform,  287. 
Nylander.— Qvicksilfer-cyanid-dubbelsalter,  281. 

^^^^4n.    Memorie  dolla  Iteale  Accademia  delle  Scienze  di  Torino, 
^erie  Seconda.     Vol.  xviiL     1859. 

M.  Levi. — Sopra  una  nuova  lega  cristallizzata  di  Nichelio  e  Ferro, 

IviiL 
£.  Sismonda. — ^Prodrome  d*une  Flore  tertiaire  du  Pi^mont,  519. 
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II.  PERIODICALS  PURCHASED  FOR  THE  LIBRA 

Annals  and  ^Magazine  of  Natural  History.     3rd  Series,    ^ 
Nos.  35  and  36.     Nov.  and  Dec.  1860. 

W.  K.  Parker  and  T.  R.  Jones. — ^Nomenclature  of  the  Fonn 

Donvs  de  Montfort's  Species,  837. 
A.  (Tray.— The  Oripin  of  Species,  373. 
R.  Damon's  *  Handoook  to  the  Geology  of  Weymouth  and  P 

noticed,  4m 
G.  C.  Wallich. — Deep-sea  Soundings  in  the  North  Atlantic 

Loonhard  und  Bronn's  Neues  Jahrbuch  fiir  Min.^  Geol.  \ 
Jalirgang  1860.     Fiinftes  Heft. 

Schlonbach. — Das  Bone-bed  imd  seine  Lage  gegen  den  sog 
Koiipoi*8and8tein  im  Hannoverschcn,  513  (plate). 

F.  Schai-tF. — Ueber  die  milchige  Triibung  auf  aer  Endfl 
siiuligen  Kalkspaths,  535  (2  plates). 

L(»tters  :  Notices  of  Books,  Minerals,  Geology,  and  Fossils. 
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Archiac,  A.  d*.     Notice  sur  la  vie  et  lea  travaux  de  P.- A.  I 
From  iSir  li.  L  Murcliison,  V.P,G,S.     1860. 

Borp:('r,  II.  A.  C.     Die  Vcrsteinerungcn  der  Fische  und  Pfl 
Sandstoine  dor  Coburger  Gegend.     1832.     Frotn  Sir 
V.P.G.S, 

Die  Versteinenmgen  des  Schaumkalks  am  Thuring 


1800.     From  Sir  C.  Lyell,  r.P.O.S. 


.     Die  Yersteinerungen  im  Roth  von  Hildbnrghaosei] 

From  Sir  C.  Lyell,  V,P.O,S. 

Bland,  T,     Remarks  on  certain  species  of  North  American  , 
with  descriptions  of  new  species.     1860. 

Bouquet,     Nouvelle  analyse  de  Peau  de  la  source  do  Sail 
Bassin  de  Yichy.     1860. 

Brandt  J  J,  F.y  und  O,  v,  Helmersen,     Yorschlag   zur  Ai 
paliiontologischer  Nachgrabungen  im  siidlichcn  Rusaland. 

Carpenter,   W,  B.     Researches  on  the  Foraminifeiu.    i 
On  the  Genera  Peneroplisy  Optrcxdinay  and  Am^pihiUe^ma, 


DOVATioirs.  253 

r«9  W.  B.  Besearches  in  the  Southern  Gold-fields  of  New 
ith  Wales.     1860. 

?,  J.  P.  CryBtalline  Form  not  necessarily  an  indication  of 
mite  chemicfd  composition ;  or  on  the  possible  variation  of  con- 
tution  in  a  mineral  species  independent  of  the  phenomena  of 
•morphism.     1860.    From  Sir  C.  LyeH,  V.P.O.S. 

riey  A.  Etudes  et  experiences  synthetiques  sur  le  Metamor- 
Lsme  ct  sur  la  Formation  des  roches  cristallines.     1860. 

on,  J.  W.    Notes  on  the  Earthquake  of  October  1860.     1860. 

.    Supplementary  Chapter  to  "  Acadian  Geology."    1860. 

He,  C.  Ste.-C.  Lettre  k  M.  Dumas  sur  quelques  produits  d'ema- 
tions  de  la  Sicile.     1855.     Fnm  Sir  C.  Lyell,  V,RO.S. 

Lettres  k  M.  E.  de  Beaumont  sur  1' eruption  du  V^uve  du 
^  Mai  1855.     1855.     From  Sir  C.  Lyell^  V.P.Q.S. 

.  Lettres  k  M.  E.  de  Beaumont  sur  les  phenom^nes  eniptifs  du 
«nve  et  de  Tltalie  meridionale.  1856.  From  Sir  C,  Lyell, 
,P.G.S, 

et  F.  Leblanc.     Memoire  sur  la  composition   chimique  des 
iz  rejetes  par  les  events   volcaniques  de  I'ltalie  meridionale. 

59.  From  Sir  C.  Lyelly  V.P.G.S. 

8,  J.     On  the  Flint  flakes  and  implements  from  Reigate.    1860. 

mer,  H.,  and  H.  Walker.  Descriptive  Catalogue  of  the  Fossil 
mains  of  Vertebrata  from  the  Sewalik  Hills,  the  Nerbudda, 
rim  Island,  &c.,  in  the  Museum  of  the  Asiatic  Society  of  Bengal. 

60.  From  the  Asiatic  Society  of  Bengal, 

tz,  H,  B,  Der  Gcbirgsbau  Sachsens  und  sein  Einfluss  auf  das 
idium  der  Naturwissenschaften  in  Dresden.     1860. 

igical  Survey  of  Canada.  Beport  of  Progress  for  the  year  1858. 
59.    From  the  Geological  Survey  of  Canada, 

y,  J,  J,  cTO,  d\  Notice  biographique  sur  Alexandre  Bron- 
lart.     1860.     From  Sir  IL  I.  Murchison,  V,P,G.S. 

ersen,  G,  v.    Beschreibung  einiger  Massen  godiegenen  Kupfers, 
aus  russischen  Bergwerken  herstammen,  und  in  dem  Museum 
I  Berginstituts  zu  St.  Petersburg  aufbewohrt  werden.     1859. 

ys,  J.  G.     Sui  Testacei  Marini  deUe  Coste  del  Piemonte.   Tra- 
done,  con  note  ed  im  catalogo  speciale  per  il  Golfo  della  Spczia, 
Prof.  G.  Capellini.     1860.     From  Sir  C.  Lyell,  V,RG,S. 

,  jT.  B.,  and  W.  K.  Parker.  On  some  Fossil  Foraminifera  from 
ellaston,  near  Derby.    1860. 
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Koettig,  R.  F.  Ge^ehichtliche,  technisclie  mid  atatietMcbe  Kotiira 
liber  den  StoinkohleE-Bergbau  Baclisens.    1861,     ^t>mi%f  Dr. 

Kongliga  Svenska  fregatton  Engonies  R«sa  omkruif  Jorden,  imdi^r 
Beftd  af  a  A*  Virgin,  aren  1851-53,  Zoologi,  lY.  1858.  iWfl 
the.  Eoyal  Acadtmy  of  Stodkolm, 

Lan&f  C,  B.  Eailway-coinmtmication  in  London,  and  the  Pamw 
Embankment*    1860, 

Lieber,  0,  M,  Report  on  the  Burrcr  of  Sonth  Carolina ;  bdng  thf 
Fourth  Annual  Heport,  Jce.    I860'    From  Sir  C\  Zt/J^  Y.P.GA 


Marttusy  0,  F.  P.  v.    Detikrede  anf  Alexander  von  Hnmboldt.  l^- 

A\fiiJhi\  M.  J,     Einleitende  Wortc  zur  Feier  dei  Allei4i6clistcn  G^'^j 
burtsfestcs  Sr.  Jlajestat  dca  Konigs  Maximilian  11.    1859, 
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N laser,  P,    On  the  Ekmentary  Snbstaneofi  originating  andpromoti: 
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I  2.  Section  frotn  C&Uonder  to  Loch  ofqunrif-rock^andl] 

"  Stt^tion  froiD  Gkti  Ljc 
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§  1*  Introduction,— The  recent  labours  of  Sir  Eoderick  M 
in  the  K*W.  Highlands  of  S^otlond  have  &o  greatly  incTR 
knowledge  of  tbis  portion  of  Great  Britain,  as  to  plato  the 
arrangement  of  the  rocks  in  this  country  in  an  entirely  nei 
The  result  of  theee  investigatioius  hits  been  made  known  m 
Ihnt  it  must  be  visibly  impressed  on  the  mind  of  every  g 
and  consequently  will  require  no  speeial  reference  to  1 
thereto-  In  the  memoirs  in  whiith  theae  laboors  have  l 
lailed,  there  is  a  '^  hypothetief  J  view ''  cxptc^ssed  oonceiK 
mass  of  metumorjihic  rocks  ivhieh  constitute  the  great  IrtiE 
fiitottish  Highlands ;  and  in  thin  hyiwthetical  view  these  1 
looked  upon  as  the  equivalents  of  the  ^*  upper  gneiss "  ft 
posing  upon  the  quartz-rockj^  and  limestones  of  Assyot  i! 
neast  and  which  occupies  so  largo  a  portion  of  the  north 
land. 

Having  had  an  opportunity  of  examining  the  deposits  of 
land  Ro  amply  described  by  t^ir  Eoderick  Murchisou,  1 
roborating  the  results  of  hiw  laWni-s  in  the  If  ,W.  Highland] 
felt  myself  b  a  position  which  has  enabled  me  t^j  exfjend  t 
southern  parallel  invostigations  eonoeming  the  great  area 
tish  metamorphie  rocks,  and,  as  will  be  secu  iu  the  seqn 
observations  ma<le  last  Rummer  in  many  pnxts  of  the  H 
and  also  in  the  north  of  Ireland,  have  arrived  at  the  as 
elusions  iw  arc  exprei<«ed  in  the  hypothetical  views  air 
ferred  to. 

Bc^fore  proceeding  to  detail  the  results  of  these  obsenrati 
neeessary  to  say  something  concerning  the  nature  of  t 
mnsReJi  which  abound  in  the  more  son  them  port  of  the  H 
more  ospeeially  as  thowf?  are  laid  down  in  the  geologicfJ 
tbiH  district.  Certain  rooks ^  to  which  the  term  motaffl' 
usually  applied,  have  had  assigned  to  them  fsomewhat  defii 

*  «pc  Quart,  Joum.  Gool,  Soe.,  Tot  svii,  p.  2?12  ki\,  ii«i  woU  asolJ 
puWiiljed  meinoirsu 


1861.]  HABKKXSS — ^HIGHLANDS  Ain)  N.  IRBLANB.  257 

in  the  Highlands ;  and  these  rocks,  generally  designated  gneiss, 
nuca-alate,  chlorite-slate,  and  day-slate,  have  been  looked  upon  as 
posBessing  a  distinct  arrangement  as  to  superposition  to  each  other. 
From  what  I  have  seen  in  the  several  areas  which  have  been  under 
my  examination,  it  appears  to  me  that  these  rocks,  with  names  ex- 
prening  lithological  nature,  have  no  definite  relation  as  concerns 
gwlpgical  position,  although  in  some  small  areas  this  seems  to  be 
the  case.  Looking  at  these  metamorphic  rocks  with  reference  to 
general  results,  I  have  arrived  at  the  conclusion  that,  in  whatever 
mineral  condition  they  present  themselves,  this  mineral  condition 
ifl  a  purely  local  character,  and  that,  in  the  same  geological  zone, 
in  one  spot  we  have  clay-slate,  in  another  chlorite-i^te,  in  a 
third  mica-slate,  and  in  a  fourth  gneiss.  These  several  rocks  are 
altered  deposits  .of  varying  shales  and  sandstones  which  were  de- 
posited during  the  same  period  in  di£ferent  portions  of  the  older 
Silurian  seas.  These  metamorphic  rocks,  to  which  I  apply  the 
general  term  "  gneissose,*'  although  the  word  is  in  many  instances  a 
bid  one,  are  spread  over  too  great  an  extent  in  the  geological  maps 
of  Scotland ;  and  they  are  frequently  represented  as  occupying  large 
Meas,  over  which  granite  or  some  other  form  of  plutonic  rock 
nally  prevails.  And,  although  rocks  of  the  latter  nature  seem  to 
be  80  amply  developed  in  the  Highlands,  great  injustice  is  in  many 
instances  done  to  rocks  of  this  description  in  the  geological  maps  of 
Scotland. 

With  reference  to  the  mode  of  arrangement  of  the  other  strata 
vhich  are  associated  with  the  gneissose  rocks  (viz.  the  quartz-rocks 
tad  limestones),  it  has  generally  been  assumed  that  these  latter 
occupy  a  higher  position  than  the  former.  This  inference  I  have 
Wtton  to  conclude  is  not  the  result  of  observation,  but  has  ori- 
ginated from  the  Wemerian  theory  and  classification  of  rocks, — the 
more  crystalline  gneissose  rocks  having  been  looked  upon  as  primi- 
ft'w,  while  the  less  crystalline  and  more  distinctly  stratified  quartz- 
''^  and  limestones  were  regarded  as  transition.  This  idea  appears 
to  have  prevailed  in  the  mind  of  Macculloch  ;  and  this  order,  in  the 
•''^ngement  of  the  stratified  masses  of  the  Highlands  propounded 
bj  bim,  has  been  to  a  great  extent  adopted  by  geologists  without 
"^^Jjiring  into  the  basis  on  which  it  rests. 

.  ^^  principles  which  actuated  Macculloch  in  his  classification  of 
j^  highland  rocks  may  be  ascertained  by  referring  to  his  memoir 
^  Quartz-rock,"  where,  after  quoting  Playfair  with  reference  to 
^*  structure  of  Schihallicn,  he  goes  on  to  say,  "  If  this  ridge  is 
J^^cted  by  any  system  of  alternation  with  the  sandstone  of  Glen 
''^j  mica-slate  will  appear  to  be  a  rock  formed  posteriorly  to,  or 
^^■^tely  with,  a  rock  of  recomposed  structure.  Thus  a  primitive 
^  \)e  found  to  alternate  with  a  transition  one, — an  anomaly  which 
^^r  renders  this  distinction  as  useless  as  it  is  artificial,  or  compels 
^^  modify  the  definition  of  transition  rocks  or  to  form  that  total 
^^ge  of  arrangement  which  I  have  mora  than  once  suggested  with 
^^id  to  primitive  and  transition  classes*." 

*  Geol.  Trans.,  toI.  ii.  p.  470. 
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Again,  in  the  same  memoir,  with  referen':*  Vj  Jzru  iZ: 

tho  {rnfis-4'r'o  nx-lw,  he  states  that  thee*  are  -  KC«ir?EL7 
imi>^)T^-d  on  th^r  r|uartz-rock*  ;"  and  yet,  after  n^iu  ib»  -ra 
r^ntly  fts  thou;^h  this  was  not  the  trae  position,  be  r>s?  :c  e 
to  rpioto  IV»f.  Jamieson,  who  sap  that  ••  qTiara-rxi  TSi 
an;rl«-  of  4.^'  frf>m  under  micaceous  schist*." 

'Hie  same  idea  as  to  primitive  and  transition  ««!i?  M*  bi 
tho  leading  feature  in  his  mind  with  relation  to  arrazL^eae 
he  visited  (ilcn  Tilt ;  and  yet,  when  he  comc^i  to  dt^k.'jiSr  -3 
tlie  siqufjnce  of  rocks  here,  we  generally  find  that  hi*  a 
an;  h«;.stih;  to  his  preconceived  ideas. 

'llu'M'.  /^<*neral  obsen'ations  will  serve  as  a  prelude  lo 
hav<?  to  add  to  the  geolog)'  of  portions  of  the  Highlands  lya 
of  t}ie  Caledonian  Canal;  and,  as  these  observations  have  r 
if)  jmn-ly  physical  geology,  I  shall  procecni  to  describe  th< 
scctioas,  and  afterwards  the  general  results  obtained  therefr 

Fi^.  1 . — Sfcdon  from  Cullender  to  Loch  Earn.     Distance  \ 

c;alkndf;r.    WooHhead.     Anneehaugh.         Ardcbullarie.  Bsfkia  B 


f      (I  he   (I 

r.  Old  R<^1  Sandstone. 
a.  Qiiurtz-nx,'k. 


d 

d.  OneiM. 
#  Trap-roclu. 


§  2.  Section  from  Calleruler  to  Loch  Earn  (^.  1). — In  th 
(liat(;  ntM^libonrhood  of  Callender,  deposits  belonging  to  the 
S}indst^)nc  senes  are  extensively  developed.  At  the  die 
uhout  a  mile  and  a  half  to  the  N.W.  of  the  village,  tl 
11  n  (5  of  fracture  separating  the  rocks  of  this  age  from  tl 
Tiioq)hic  strata  of  the  Grampians  is  seen.  In  Leny  Glen  the 
con  tact  botwecm  the  rocks  appertaining  to  those  different  ser 
liibitcd,  the  rocks  of  the  Old  Red  series  appearing  in  the 
coiifi^loniorates ;  immediately  on  tho  N.W.  of  them,  above 
of  fault,  quartz-rocks,  referable  to  the  older  deposits,  oo 
upon  the  small  development  of  the  quartz-rocks  here  sec 
slialcs  arc  found  reposing  conformably.  These  qoortz-n 
l>lack  Hhales  dip  towards  tho  N.N.W.  On  leaving  this  j 
(M)ntinuing  the  section  on  its  rise,  we  have,  at  Leny  lim< 
th(r  same  black  shales  manifested,  dipping  N.N.W.  at 
])0SHi'8sing  an  anthracitic  aspect,  which  allies  them  in  lil 
nature  with  the  anthracitic  shales  of  the  Lower  Siluriai 
S<mth  of  Scotland.  In  those  black  shales,  which  from  the 
might  have  afforded  abundance  of  Graptolitcs,  no  fossils  ^ 
tained.  liesting  conformably  on  these  shales,  a  thin  layer 
Ktone  is  seen,  of  a  dark  grey  colour,  regularly  bedded,  but  c 
nnd  abounding  in  white  veins  of  carbonate  of  lime.  This  I 
wliich  uIho  afforded  no  fossils,  and  which  has  a  thicknen 
eight  feet,  is  succeeded  by  grey  clay-slate,  in  some  instai 
*  Geol.  Trani.,  toI.  ii.  p.  4M. 
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0  a  pmplc  oolour,  and  with  gneissose  layers  intercdlated 
liis  latter  mass  is  conformable  to  the  limestone ;  and,  pass- 
urds  into  regular  mica-slate,  it  forms  the  liills  which  lie 
Leny  lime-quarry.  On  the  road  from  Callender  to  Loch 
at  Woodend,  about  half  a  mile  from  Kilmahog  toll-bar, 

»cks,  similar  to  those  of  Leny  Glen  and  having  the  same 
ns,  appear.  The  succeeding  black  shales  and  limestones 
seen,  being  masked  by  debris,  but  the  overlying  purple 
mr,  passing  into  gneissose  rocks ;  and  these  are  intersected 
-dyke,  termed  locally  "  Blue  Whin,**  at  Woodhead  Quarry. 
Tangement  of  the  rocks  forming  a  portion  of  the  southern 
of  the  metamorphic  masses  of  the  Highlands,  as  seen  in 
bourhood  of  Callender,  is  exhibited  in  %.  1,  and  is  as  fol- 
"irst  and  lowest,  quartz-rock,  a  small  portion  only  of  which 
ted ;  second,  black  shales ;  third,  thin  grey  limestones ; 
h,  day-slates  (shales)  passing  into  gneissose  rocks. 

1  the  Woodhead  whin-quarry  we  have  a  considerable 
ent  of  that  form  of  metamorphic  rock  to  which  the  name 
schist  has  been  applied,  but  of  which  the  term  ''  chloritic 
a  fine  grain  "  more  fully  expresses  its  nature ;  and  this 
inues  with  the  same  N.W.  dip  to  Anneehaugh,  about  three 
n  Callender,  where  it  is  intersected  by  another  trap-dyke 
g  red  nodules.  North  of  this  dyke  the  same  chloritic  gneiss 
ipping  in  the  same  direction,  but  at  angles  varying  from 
ipwards,  until  we  reach  ArdchuUarie,  where  another  trap- 
:es  its  appearance ;  and  to  this  the  name  ''  Black  Whin  "  is 

These  trap-dykes  produce  very  little  effect  on  the  dip  of 
morphic  rocks.  After  leaving  ArdchuUarie,  we  find  that 
d  the  strata  become  much  disturbed,  and  show  a  dispo- 
issume  S.E.  dips.     At  Creggan,  about  half  a  mile  north  of 

village,  this  S.E.  dip  is  very  apparent.  At  Ruskin  Burn 
rap- dyke  occurs,  and  also  a  vein-like  mass  of  limestone 
ly  overlain  by  gneiss,  the  latter  dipping  N.E.  There  is  a 
ble  amount  of  disturbance  in  the  strata  here,  and  northwards 
rbance  also  prevails.  This  mass  of  gneissose  rocks  occur- 
le  area  between  the  hills  of  Leny  and  Loch  Earn,  and 
issesscs  a  great  thickness,  overlies  the  limestones  of  the 
margin  of  tiie  Grampians ;  and,  notwithstanding  its  flexures 
>rtions,  clearly  arranges  itself  as  a  synclinal  axis  in  the 
*hood  of  Strathire  village,  frt>m  underneath  which  we  have 
s  making  their  appearance  at  Leny  on  the  S.S.E.,  and  at 
)um  on  the  N.N.W.  The  mode  of  arrangement  of  the 
his  interval  is  shown  in  fig.  1. 

xtian  from  Loch  Earn  to  Loch  Tay  (fig.  2).— At  the  N.W. 
ch  Earn,  at  Ball,  a  considerable  mass  of  limestone,  having 
;  of  a  gneissose  aspect,  and  exhibiting  itself  in  great  thick- 
)en.  This  limestone  at  this  locality  is  nearly  horizontal ; 
le  east  side  of  the  quarry,  where  it  has  been  wrought,  it 
t  a  low  angle  towards  the  E.S.E.,  and  is  succeeded  by 
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Earn  head^  this  same  gneiss  also  makes  its  appearanoey  di] 
the  same  direction  at  an  angle  of  20^ ;  and  at  the  bridge, 
mile  north  of  Loch  Earn  head,  a  hard  trap  occois,  from  w 


Fig.  2. — JSeeHon  from  Loch  Earn  to  Loch  Tay,    Distance  i 


e.  Limestone. 


Trap-rodn 


metamorphic  strata  seem  to  derive  the  E.S.E.  inclination, 
north  side  of  this  mass  of  trap,  which  is  much  intersected  b; 
veins,  a  reversed  dip  is  seen  and  N.W.  inclinations  obtain. 

Along  Glen  Ogle,  the  gneiss,  which  is  micaoeons,  is  onl} 
inclined,  and  has  quartz-veins  running  along  the  lines  of 
cation.  At  Larigellie  Loch,  a  small  lake  near  the  watei 
Glen  Ogle,  the  E.S.E.  dips  become  most  prevalent ;  and  tl 
tinue  to  the  shepherd's  cottage,  where  limestone  again 
dipping  at  an  angle  of  about  40^  E.S.E.  This  limestone  is  at 
the  course  of  the  Larigellie  Bum,  where  it  becomes  flattei 
at  the  bridge,  where  the  high  road  crosses  this  stream,  abo 
and  a  half  from  Eillin,  another  mass  of  trap  makes  its  ap] 
Li  the  arrangement  of  the  strata  in  the  section  between  L 
and  Loch  Tay,  we  have  a  mass  of  limestone  near  Loch  Ea 
underlies  the  gneissose  rocks,  and  near  Loch  Tay  gneiss< 
are  seen,  superimposed  also  in  limestone.  This  limestone 
in  the  Larigellie  Bum,  seems  to  form  a  rounded  antidi 
immediately  on  its  north  side,  we  have  gneissose  rocks  am] 
loped  in  the  Biver  Dochart,  and  these  dip  N.W.  at  an  angl 

§  4.  Sections  from  Loch  Tay  to  Olen  Lyon  (fig.  3).— The: 
referred  to,  as  seen  in  the  Dochart,  also  appear  on  the  r 


Fig.  3. — Section  from  Loch  Tay  to  Olen  Ly(m.    Distance 
s. 

Loch  Tay. 


Loch-ft-Ltrieh. 


d,  QneiflB. 


c.  Limestone. 


a.  Quarts-rock. 


KilHn  to  Lochie  Bridge,  and  for  a  short  distance  along  th 
the  eastward,  having  the  same  N.W.  inclination.  Aba 
mile  east  of  Lochie  Bridge  strata  of  limestone  occur,  ha 
bands  of  rotten  gneiss  interstratified ;  the  limestone  is  a 
bedded.  These  limestones  dip  N.N.W.  at  60®.  At 
about  two  miles  east  from  Killin,  similar  limestones  a] 
They  have,  however,  a  gneissose  aspect,  and  are  grei 
tortcd;   but  still  the  prevailing  dip  (N.N.W.)  of  this  | 
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the  Loch  Taj  rocks  obtains.  To  the  south  of  these  ccmtorted  lune- 
stones  at  Moroish,  a  flaggy  trap  is  seen.  These  limestones  of  the 
north  side  of  Lodi  Tay  are  well  exhibited  for  a  considerable  di- 
stinoe  along  their  strike,  on  the  road  leading  firom  Killin  to  Ken- 
more.  They  are  weU  seen  on  their  dip  in  traversing  the  mountain- 
iwd  ^m  Loch  Tay  to  Inverwick  in  Glen  Lyon ;  and  also  in  the 
streams  which  run  nearly  parallel  to  this  mountain-road,  which  in- 
tenect  the  valleys  lying  between  Ben  Lawers  on  the  east,  and  Meal 
Oiidy  on  the  west.  The  section  which  is  shown  in  this  traverse 
between  Loch  Tay  and  Glen  Lyon,  is  probably  one  of  the  most 
instroctive  which  can  be  seen  in  any  part  of  the  Grampians  south 
cf  the  Caledonian  Canal.  Commencing  near  the  north  maigin  of 
Loch  Tay,  we  have  the  thin-bedded  limestones  with  their  N.N.W. 
dips  succeeded  conformably  by  gneiss;  but  this  gneiss  becomes 
much  contorted  in  the  neighbourhood  of  Loch-a-Larich ;  still  the 
ftremling  N.N.W.  dip  is  seen.  After  passing  the  water-shed,  a 
levened  dip  in  this  gneiss  occurs ;  and  these  reversed  S.S.E.  dips 
ire  well  seen  in  the  rocky  course  of  the  brook  which  has  its  origin 
tt  the  N.£.  side  of  Meal  Girdy.  These  gneissose  rocks,  which  are 
nen  in  almost  constant  succession  for  more  than  two  miles  and  a 
half  along  this  stream,  have  a  S.S.E.  dip,  which  averages  45°. 
Then,  as  we  approach  Glen  Lyon,  we  find  coming  out  conformably 
beneath  the  gneiss  limestones  like  those  of  the  north  side  of  Loch 
Tty ;  and  after  passing  downwards  through  the  limestones,  we  find 
nodemeath  them,  and  also  conformable  to  them,  the  thick  masses 
rf  quartz-rocks  which  are  so  extensively  developed  along  the  south 
>de  of  Glen  Lyon.  After  crossing  this  area  in  a  northern  direction 
to  Inverwick,  we  find  the  quartz-rocks  suddenly  disappear,  and  on 
their  N.W.  side  we  have  thin-bedded  blackish  gneissose  rocks  with 
the  same  S.S.£.  dips ;  and  rocks  of  this  character  are  well  seen  in 
the  course  of  the  bum  leading  from  Invervrick  to  Dall,  on  the  south 
^*we8  of  Loch  Rannoch.  Reference  will  subsequently  be  made  to 
this  gneiss  when  describing  the  sections  which  lie  N.W.  of  the 
»one  marked  in  Sir  Roderick  Murchison's  sketch-map*  of  the  geology 
^  the  north  of  Scotland,  as  occupied  by  "  quartz-rock  and  lime- 


§  5.  Section  from  Dunkeld  to  Blair  Athol  (fig.  4). — In  portions  of 

th«  Grampians  which  lie  N.E.  of  the  areas  already  referred  to,  we 

.®  sections  which  are  very  nearly  allied  to  those  already  de- 

''^'^^hed.    In  many  instances,  in  these  north-eastern  areas,  the  rocks 

^  bjr  no  means  so  well  exposed  as  in  the  districts  which  have 

JJ^  under  previous  notice.     In  the  neighbourhood  of  Bunkeld  the 

^ttons  of  the  Old  Red  Sandstone  deposits  to  the  metamorphic 

^*^  of  the  Grampians  are  well  seen, — the  former  being  cut  off 

^^  the  latter  by  masses  of  trap,  and  the  metamorpMc  strata 

*^ed  by  the  N.W.  dips  which  distinguish  the  southern  margins 

^tlis  class  of  rodoB.     With  reference  to  lithological  character,  we 

^^^  at  Dunkeld  schistose  beds,  possessing  the  nature  of  clay-slates, 

^lie  krweat  exposed  rocks  of  the  metamorphic  series ;  and  these 

*  Quart  Joum.  Qeol.  Soc.,  toL  xt.  pi.  12. 
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are  succeeded  bj  micaceous 
ing  upwards  into  gneiss.  T 
already  mentioned,  be  legai 
a  local  circmnstance.  Ai 
Donkeld  for  the  N.W.,  tiie 
Tay  becomes  so  expanded  t 
hibitions  of  rocks  are  by  m 
qnent.  On  approaching  Mo 
find  indications  of  a  rererE 
vailing  among  the  gneissose 
on  reaching  Pitiochrie  at  the 
the  Tummel,  a  N.N.  W.  dip  o 
near  this  we  have  limestone; 
dantiy  developed,  inclining 
of  36°.  The  Pitiochrie  lim 
somewhat  gneissose  appear 
to  a  considerable  extent  i 
layers  of  a  grey  and  a  white 
latter  resulting  from  the  d 
more  crystalline  carbonate  o 
hollows  produced  by  the  op 
laminflB  consequent  on  flexui 
tortious. 

This  limestone  at  Pitiochj 
ture  has  great  affinity  to 
north  side  of  Loch  Tay ;  a 
from  its  line  of  strike,  stroi 
regard  it  as  an  extension 
ward  of  the  Loch  Tay  beds. 

At  Craigeochy  about  a 
from  Pitiochrie,  we  have  gn* 
coming  on ;  and  these,  dip 
N.N.W.,  represent  the  rocks 
character  which  have  bee 
as  succeeding  the  limestoi 
Tay  in  the  section  from  this 
Lyon.  Continuing  the  sec 
westwards,  we  have,  in  the 
hood  of  the  Pass  of  Killiet 
versed  or  S.E.  inclinations 
gneissose  rocks;  and  at  ] 
thick  grey  limestone,  wit 
bedding,  and  seeming  to  di 
gneissose  strata,  appears.  1 
sangeal  and  Blair  no  rocks  n 
on  tiie  road ;  but  at  the  lat 
have  the  limestone  again  si 
S.£.  dip.  This  limestone  oi 
gard  as  the  same  as  that  sec 
geal,  and  that  its  appearano 
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reeoltof  one  of  those  contortions,  exceedingly  common  in  the  rocks  of 
more  eastern  parts  of  the  Highlands,  which  have  originated  from  the 
influence  of  those  great  masses  of  plutonic  rocks  so  abundant  in  these 
portions  of  the  Grampians. 

§  6.  Sections  from  the  South  Side  of  Ben-y-Oloe  Mountains  and 
Strath  ArdU  (fig.  5). — On  leaving  Blair  and  passing  in  the  direction 
of  the  southern  flanks  of  the  £en-y-Gloe  Mountains,  a  moory  area  is 

Rg.  L-Section  from  Ben-y-QJoe  Southward,    Distance  3  miles. 

8.  G«irnog.  Ben-y-Gk>e.    N. 


d  c  d  c  a 

d.  Gneiss.  e.  Limestone.  a.  Quartz-rock. 

imvened,  which  affords  at  irregular  intervals  exposures  of  dark- 
ooloored  gneiss,  dipping  8.E.,  or  from  the  £en-y-Gloe  range.  This 
gneiss  is  well  seen  in  tibe  course  of  the  Gaimog  stream,  which  enters 
tbe  Gary  near  Killiecrankie.  At  the  shepherd's  house  near  this  stream, 
m  the  road  over  the  hills  from  Blair  into  Strath  Ardle,  these  gneissose 
rocks  dip  8.E.  at  45%  and  are  seen  overlying  limestone.  To  the 
north  of  this  parallel  of  limestone,  hlack  gneiss  again  occurs,  having 
the  same  inclmation,  and  is  found  reposing  on  limestones  which  are 
well  seen  in  the  escarpments  which  lie  between  the  small  Loch 
Vallean  on  the  south  and  the  Ben-y-Gloe  Mountains  on  the  north. 
The  relations  which  these  limestones  bear  to  the  quartz-rocks  of  the 
^-y-Gloe  Mountains  are  not  seen,  as  the  sides  of  the  latter  moun- 
tains afford  only  d^ris  of  quartz-rocks,  and  along  the  stream- 
^^iines  which  drain  their  south  flanks,  no  exposures  of  rock  in  situ 
we  visible.  It  is  probable  that  the  connexion  between  the  lime- 
^nee  and  the  quartz-rocks  of  Ben-y-Gloe  is  cut  off  by  plutonic 
"*«88es ;  for  we  find  the  water-shed  which  separates  the  Gaimog  from 
^t-Clunie,  a  stream  flowing  into  Strath  Ardle,  to  be  composed  of 
coarse-grained  syenite ;  and  rocks  of  a  plutonic  character  are  exten- 
I  >iTelj  developed  along  the  southern  margins  of  the  great  mass  of 
Quartz- rocks  which  occur  in  this  portion  of  the  Highlands,  although 
Uo  indications  of  such  rocks  are  laid  down  in  any  geological  map  of 
Ws  portion  of  Scotland.  From  Alt-Clunie,  below  thq  syenitic  area, 
gneissose  rocks  occur,  incHned  at  a  very  high  angle  towards  S.S.E. 
Ktese  soon  become  perpendicular,  and  then  dip  N.W.  On  the  west 
the^form  the  great  mass  of  Ben  Bhrackie ;  and  from  their  southern 
slopes  we  have,  at  Clunie,  the  limestone  band  of  Pitiochrie  again 
making  its  appearance. 

This  paralld  of  limestone,  which  has  a  N.W.  dip,  and  which  I 
iiegard  as  a  continuation  of  that  seen  on  the  north  side  of  Loch  Tay, 
extends  itself  still  further  eastwards ;  it  has  been  worked  at  the 
Market  Muir,  about  half  a  mile  N.  of  t^e  village  of  Eirkmichael.  It 
is  now  wrought  two  miles  £.  of  Kirkmichacl,  at  Dunien,  where  it  is 
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weU  Bcon,  dipping  N.N.W,  at  35°,  and  is  of  a  uniform  light- 

colour,  with  very  distinct  bedding  and  lamina*,  and  possessing  I 
logical  foatnres  which  very  noorly  ally  it  to  some  of  the  carl 
ferous  limoatonee.  No  tracea  of  fossils,  however,  occur  in  it, 
Ihmicn,  on  its  south  side,  trap  apiH^are.  From  Dunien  oaskv 
its  oourse  la  well  isecn.  It  has  been  quarried  at  Ealehrnj^gii 
8oilaime  (at  the  I  at  tor  place  it  has  white  lenticular  bands  of 
dubonate  of  lime  along  the  kminae) ;  and  from  hence  it  exi 
across  Glen  8hee  by  Mount  Blair  iqto  Olen  Lda. 

With  reference  to  Glen.  Shoe,  the  valley  being  open  and 
L-ountry  on  tho  hill- sides  to  a  great  extent  elothed  with  heath 
sections  arc  not  m  satisfactorj^  sua  in  many  other  portions  oJ 
Highlands,  A  dark -grey  limestone  wm,  however,  formerly  wt 
at  Balaruien,  about  two  miles  B.  of  the  Spittal*  The  exposure 
is  only  imperfect,  and  the  limestone  apparently  dips  N*  (?)  Ol 
hill  on  the  north  side,  a  fine-gminod  grey  syeaite  is  seen.  1 
the  Spittal,  up  Cilen  Beg,  on  the  north  side,  gr^eat  maaaes  d 
porphjTy  manifest  themselves ;  but  the  same  grey  lijneet*me  of 
anicien  becomes  again  visible  in  the  higbcr  part  of  Glen  B^; 
from  the  verdant  herbage  on  tho  S.  aide  of  the  stream,  this  limei 
would  appear  well  developed  in  this  valley*  At  the  spot  on 
road-aide  Tffherc  it  has  been  wrought,  its  arrangement  is  irref 
and  its  dip  indistinct*  In  the  hill  above  thiw  qufirrj^  on  the  5,, 
tortcd  gneisH  is  seen  with  a  K,  inclination*  From  the  eectiQii 
no  definite  conehisions  can  be  arrived  at  oonccming  the  reli 
ammgement  of  the  gaeiseose  limestones  and  quarto-rocks. 
inEueuoo  of  the  plu tonic  area,  w^bieh  commencoa  on  the  S,W.  oA 
Ben-y-Gloe  Mountains,  and,  exteading  eastward,  umt€«  with 
groat  gnmitie  areas  of  Aberdeenshire,  has  so  far  broken  up  the  se 
metam Orphic  rocks  as  to  render  their  arrangement  almost  unini 
gible  in  the  regions  which  lie  immediately  south  of  this  pin 
area*  With  reference  to  Glen  Tilt,  MaccuHoch  alludes  to  tho  eonf 
arrangement  which  prevails  iu  this  valley  among  tho  strata,  1 
are,  however,  ci^rtain  statements  occurring  in  his  memoir  {i 
Trans*  vol*  iii*)  which  lead  to  tho  inference  that  on  the  south  sli 
tho  Ttlt  the  lun^MoneA  *'  invariably "  dip  to  the  south  at  v»j 
atiglcs  (p.  305) ;  and  as  regarda  the  quartz-rocks  of  Beii-y-4 
MaccuUoch  remarks  that  these  are  seen  alternating  with  limjosti 
which  are  again  succeeded  by  the  mica -slate  (p.  307)*  The  fol 
ing  statement  also  occum ; — *'  We  have  seen  that  the  great  mfij 
qttartz-rock  is  followed  by  a  small  bed  of*  limestone,  and  thai 
again  is  succeeded  by  micaceous  and  clay-alate,  tenuinattng 
series  of  tho  bedded  rocks  m  this  direction ''  (aJlnding  to  the  8C 
(p*312)* 

From  the  aections  which  have  alroady  been  described,  ain 
the  observations  of  MaccuHoch,  it  is  evident  that  the  mqnm 
rocks  from  the  matgin  of  the  quartz-rock  area  towards  the  soati 
limits  of  tlie  Grampians  is  as  follows :— First  and  lowest,  qm 
rtieks ;  s^wjondly,  grey  limestones,  in  some  instances  witli  lentil 
bands  of  white  carbonate  of  lime*    These  limcstoties  are  0A| 
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png  thickness,  and  in  some  instances  appear  to  thin  out  alto- 
tMT ;  and  are  snooeeded  by,  thirdly,  the  gneissose  rocks^  which 
ipy  80  great  an  area  in  the  Highlands  of  Scotland. 


r 


§  7.  Sections  N.  W.  of  the  Great  Zone  of  Qtmrtz-- 
rodcs  and  Limestones,  Section  from  Olen  Lyon 
to  Lock  Treig  (fig.  6). — Allusion  has  already 
been  made  to  the  black  gneiss  which  is  seen 
having  a  8.E.  dip  in  the  north  side  of  the  quartz- 
rock  zone  at  Inverwick.  In  Glen  Lyon^  rocks  of 
this  nature,  and  with  only  slight  modifications  in 
their  dip,  extend  themselves  to  the  western  end 
of  Loch  Rannoch,  where  an  extensively  deve- 
loped area  of  syenite  occurs;  and  from  this  syenite 
the  gneissose  rocks  usually  incline  south-eastward 
in  the  neighbourhood  of  this  lake. 

The  area  occupied  by  this  syenite,  bjs  shown  in 
geological  maps,  fails  to  afford  anything  like  an 
adequate  idea  concerning  the  extent  ^f  country 
which  this  rock  covers.  From  the  head  of  Loch 
Eannoch  it  extends  along  the  mountain-road  lead- 
ing to  Fort  William — at  least  as  far  as  Loch  Ou- 
chan,  and  from  this,  westward,  almost  to  Loch 
Treig ;  but  its  area  was  not  definitely  determined. 
Li  the  form  of  a  flesh-coloured  porphyry,  this 
plutonic  rock  occurs  in  all  the  streams  which 
drain  the  hills  lying  N.  and  8.  of  Oise-dhu,  and 
the  lakes  through  which  this  stream  flows  in  its 
course  to  the  Leven.  This  great  plutonic  area, 
coloured  as  gneiss  in  geological  maps,  seems  to 
abut  against  the  trap-rocks  of  Glon  Coe. 

At  the  head  of  Loch  Treig  we  find  it  flanked  by 
gneiss,  which  dips  N.W.,  or  from  its  8.  margin, 
as  at  Loch  Eannoch ;  the  same  rock  inclines  8.E. 
from  its  southern  boundary. 

§  8.  Section  from  King^s  House,  through  Glen 
Coe,  to  Ballahidish  (fig.  7). — The  plutonic  rocks 
just  referred  to  extend  to  King's  House ;  but  on 
passing  westwards  towards  Glen  Coe,  the  dark 
porphyries  and  trap-rocks  which  exclusively  fill 
this  gorge,  soon  make  their  appearance.  They 
occupy  the  whole  of  the  glen  to  Claichig,  where 
we  have  stratified  rocks  coming  abruptly  against 
the  traps,  as  seen  on  the  hill-slope  immediately 
opposite  the  small  inn  at  Claichig. 

These  stratified  rocks  dip  W.N.W.  at  45°,  and 
they  have  somewhat  of  a  gneissose  aspect,  but  are 
much  more  highly  siliceous  than  ordmary  gneiss. 
Maocullochalludes  to  their  difleringfrom  mica-slate, 
and  designates  them  schistose  "  quartz-rocks*." 
•  G«ol.  Trans,  vol.  ii  p.  475. 
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They  vary  altogether  from  the  rocks  which  occur  to  the  west  of 
them ;  tnid  from  tht^ir  nature  and  position  I  look  upon  them  u  the 
representatives  of  the  true  quartz-rocks.     At  Ballahulish  they  are 

Fig.  7. — Stction  from  Glen  Coe  to  Ballahulish.     Distance  8  milw. 

E.S.E.  *  w.if.w. 

BallaluM. 


Claichig. 


! 


Porphyry  and  Trap-rock.  Quartx-rock.    Limestone.  Schiit 

ftuccecded  by  the  dark-grey  limestone,  ahove  which  occurs  the  slate 
of  this  loculitv,  having  the  same  direction  of  inclination— rii. 
W.X.W. 

§  !).  Stcfioii  arross  the  Peninsula  of  Ardsheal  from  Bcnivair  (hg.S), 
— Immediately  K.  of  the  iun  at  Ballahulish  syenite  again  makes  its 
a})peaniiK'(\  and  this  mass  of  syenite  extends  S.W.  along  the  coast 
to  near  Ard.sheal,  where  it  becomes  flanked  on  the  coast  by  meta- 


I'ig.  vS. — Section  of  the  Ardsheal  Peninsula. 


Distance  3  miles, 
w. 

LhiBiKLoek> 


(/.  Hi-Wirst. 


Liiiic'Stonc. 


a  * 

*  Syenite  and  trap-roeks. 

morphic  rocks,  in  the  fonn  of  quartz-rocks  and  limestone.     On  tb.^ 
east  of  the  Ardslieal  i)eninsula  the  syenite  is  seen  forming  the  hillc^^ 
lienivair,  against  which,  on  the  west,  there  occurs  a  mass  of  quartz  '^ 
r<)(!ks,  which,  when  in  pi-oximity  to  the  syenite,  contains  cr}"atal8  cr^ 
lcls])ar,  and  ]>ci'unies  idmost  a  porphyry.     This  quartz-rock,  mor^-^ 
remote  IVom  the  syi^nite,  is  much  intersected  by  joints,  and  has  th^^ 
.stratiticatinn  very  indistinct ;  but  the  lamina)  incline  at  a  very  higt^* 
angle,  N .AV.    This  qnartz-roek  at  Ardsheal  is  worked  for  ceramic  pur^^ 
poses,  and  is  know  nnnder  the  name  of  "  china -rod'. '*     On  its  N.W^ 
side  it  becomes  more  distinct  in  its  stratification,  and  is  succeeded  by^ 
a  gje\  liniestvnie,  about  twelve  feet  in  thickness.     Above  this  limc- 
st<»ne  llie  dark-grey  slates  are  seen  dipping  in  the  same  direction; 
but  on  passing  (►ver  the  Ardsheal  peninsula,  the  inclination  of  these 
slates  becomes  reversed.      On  the  western  side  the  quarto-rocks 
again  make  their  ap])earance,  dipping  under  the  slates;  and  these 
(piartz-rocks  rep(»se  agaiiLst  another  mass  of  syenite,  which  forms 
the  extreme  west  of  the  Ardshejd  peninsula.     In  the  west  portion 
of  tliis  section  no  limestone  is  so<»n  ;  and  this  may  either  result  finom 
the  thinning  out  of  the  narrow  limestone-band,  or  the  limestone  may 
exist ,  but  not  be  visible,  from  the  covering  up  of  the  junctions  by  soil. 
The  south-east  side  of  the  Ardsheal  section  exhibits  the  axrange-' 
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ment  of  the  rocks  seen  between  this  locality  and  Appin.  At  Port 
Appin  thick  masses  of  quartz-rocks  are  seen,  which  are  greatly  con- 
torted, having  a  prevailing  S.E.  dip.  These  are  succeeded  con- 
formably by  dark  slates ;  and  the  arrangement  here  represents  the 
N.W.  end  of  the  Ardsheal  section. 

The  Hmestone  islands  which  occur  in  Loch  Linnhe  exhibit  cal- 
careous strata  in  great  development.  In  Sheep's  Island  these  lime- 
atones  are  much  contorted,  and  very  nearly  perpendicular,  but  with 
a  predominant  S.E.  dip.  Judging  from  this,  we  might  be  induced  to 
infer  that  the  strata  here  pass  under  the  quartz-rocks  of  Port  Appin ; 
and  if  this  be  the  case,  they  represent  a  zone  of  calcareous  rocks 
altogether  different  from  that  previously  alluded  to,  and,  under  such 
circiiinstances,  they  must  be  regarded  as  the  equivalents  of  the  thick 
limestones  of  Assynt.  But  perhaps  it  may  be  premature  to  arrive  at 
this  conclusion  without  more  evidence  than  that  at  present  afforded 
liy  the  sections  on  this  coast. 

The  sections  which  the  districts  lying  N.W.  of  the  area  of  quartz- 
locb  and  limestones  already  referred  to  exhibit  show,  with  probably 
the  exception  of  the  islands  in  Loch  Linnhe,  a  sequence  of  stratified 
deposits  very  nearly  allied  to  that  which  the  region  S.  of  this  zone 
DiMiifcsts.  Quartz-rocks  at  the  base,  succeeded  conformably  by 
^estoncs,  and  these  by  gneissose  or  dark  slaty  rocks,  make  up  the 
•tratified  beds  N.W.  of  the  zone  of  **  quartz-rocks  and  limestones  " 
which  extend  fit)m  Jura  to  the  N.E.  coast  of  Scotland.  The  rocks 
m  the  areas  separated  by  this  zone  represent  each  other  in  arrange- 
**«nt  and  almost  in  mineral  nature, — ^the  only  difference  being  in  the 
^^^Aracter  of  the  highest  member,  which  occurs  as  a  blackish  slate 
*^  the  west  coast,  while  towards  the  south-east  its  equivalent  has  a 
>i^ois806e  aspect.  This  conclusion,  as  to  similarity  in  age  and  position 
^ong  the  deposits  south  of  the  Caledonian  Canal,  supposes  the  ex- 
•fenco  of  a  great  line  of  fault  traversing  the  Grampians  in  a  S.W. 
^d  N.E.  direction;  and  this  line  of  fault — parallel  to  the  great 
•W.  and  N.E.  fault  along  the  southern  margin  of  this  range  of 
^Untains  separating  the  metamorphic  rocks  on  the  N.W.  from  the 
'^d.  Bed  Sandstone  series  on  the  S.E.,  extending  from  sea  to  sea — ^is 
^U  seen  in  Glen  Lyon  along  the  northern  edge  of  the  quartz-rocks. 
'^  the  N.  of  this  line  of  fault  we  have  a  great  downthrow,  the 
^lier  beds  of  the  series  (the  gneissose  rocks)  being  again  repeated  ; 
^^  as  we  approach  the  N.W.  coast  of  Argyllshire,  we  have  the 
"^cr  members  (the  limestones  and  quartz-rock)  again  brought  to 
^^  surface  by  the  agency  of  plutonic  masses. 

^ith  reference  to  the  relations  which  these  quartz-rocks,  lime- 
^^^68,  and  gneissose  strata,  constituting  so  much  of  the  great  mass 
^  the  Grampians,  bear  to  other  rocks  of  a  similar  nature  in  tho 
*  •^.  and  N.  of  Scotland,  I  cannot  bettor  illustrate  this  than  by 
^erring  to  Sir  Roderick  Murchison's  "  Section  across  Lochs  EriboU 
J*^  Hope*.*'  In  this  section  the  upper  quartz-rocks,  upper  lime- 
■^**^,  micaceous  and  quartzose  flagstones,  and  micaceous  and  gneissoso 
•iWoneft  represent  the  series  of  strata  which  form  the  Grampians  S. 
*  Quart.  JouTT.  Gcd.  SoR,  toI.  xtI.  p.  220. 
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of  the  Caledonian  Canal,  as  exhibited  in  the  seetionB ;  ai 
of  my  observations  haYo  induced  me  to  coticlnde  that  cf 
land  the  lower  rocks  of  this  section  are  not  represented, 
liftve  no  metamorphic  rock^  a 
tvrii  or  armTUfimeni,  m  this  g 
SeotUmd,  that  can  be  parallel 
**  fnndamentul  gneiss  *^  of  8utl 
.  Boss. 
J  §10,  Tlie  Arrangement  of  ti 

T?        phk  Eoeh^  cf  the  CounUf  of  L 
S*        SifcttQU  of  the  Ea3t  Skie  o/  i 
S         (flg,  9),— Ott  that  portion  d 
1        coast  which  is  moet  nearly  c* 
^         the  sQutH-weetem  estanmion  of 
§         rocks  and  limestoues  of  the  On 
^--^       (»*        have  a  great  deTelo]jment  of  ro» 
04  '^        ^|H        ^         tamorphie  chataetcr.   Almost  t 
the  County  of  Donegal  is  made 
which  appertain  to  this  seiiei 
^         them  are  associated  plu tonic  i 
Z         the  deposits  in  this  art^a  the  ^ 
g         tion  consists  of  gneisisose  ah 
i        allied  in  Htholog^^  to  the  eh!o 
^        of  the  S.W,  part*  of  the  Gram' 
^  These  chloritic  whists,  whit 

gical  miips  of  Ireltmd  are  gene 
■^  \£^^  mica-slates,  are  subjected  to  gf 

They  have  prevailing  N.E.-S. 
tnidf  on  the  whole,  S.E.  di|)B 
ininant.  Like  rocks  of  a  sini 
these  gneissose  rocks  of  the  N 
land  manifefit  themselves  undi 
S  ^^  ^  cuiustancea  a^  to  induce  the  ooij 

M  ^S    t-  they  occupy  tlie  highor  zone  i 

"^^^^  *  de]H3sita  of  this  re^on.  Bo 
gnoissosc  rocks  of  Dunegnl  thi 
thick  series  of  qnartz-rDckfi, 
same  strike*  and  being  subject 
flcxuToe  and  dips  aa  the  overl 
In  many  localities  in  the  North 
betwc^^n  the  quarto-rocks  be! 
gneiflsfjse  strata  abo^^e,  there  oo 
grey  limestone  ;  and  in  some  i 
the  flexures  become  £attenedf 
stone  covers  a  c^insiderable  sm 
limestone,  which  is  well  seen 
on  the  N.E*  side  of  the  Inishc 
euia,  occurs  in  other  loealitios  1 
quartz -rocks  uiid  the  gneissofi 
hjis  hitherto  yteldf*d  no  fosdK 
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In  this  Brrangement  of  the  metamorphic  deposits  of  Don^;al  we 
baye  an  exact  connterpart  of  the  Highhind  series ;  and  this  afiinity 
becomes  still  more  apparent  when  we  examine  in  detail  the  section 
afforded  by  the  N.E.  coast  of  this  country  from  Inishowen  Head  to 
Kalin  Head,  the  extreme  North  of  Ireland  (fig.  9). 

Commencing  at  the  8.E.  end  of  this  section,  we  have  exhibited 
the  usual  chloritic  schists  of  the  North  of  Ireland  with  the  prevailing  > 
8.E.  dips,  frequently  the  result  of  reversed  flexures,  which  are  nu- 
meroiu  in  thus  district.  This  chloritic  schist  forms  the  Mountain 
of  Gnignamaddy.  Bocks  of  this  nature  extend  north-westward  to 
the  neighbourhood  of  Tramore  Bay,  where  the  quartz-rocks  b^in  to 
ihow  themsdves,  having  the  usual  8.E.  inclination.  These  quartz- 
RK^  oecopy  the  coast  between  Tramore  Bay  and  Dunmore  Head ; 
and  at  the  latter  spot  the  chloritic  schists  again  make  their  appear- 
ance, the  result  of  an  anticlinal  curve  in  the  quartz-rocks,  pushing 
werthe  latter  towards  the  N.W.,  and  bringing  in  the  small  patch  of 
adiist  which  forms  Dunmore  Head. 

Immediately  north  of  Dunmore  Head  the  limestones,  dipping 

under  the  chloritic  schists,  occur.     These  limestones  of  Guldaff  arc 

not  seen  on  the  shore,  owing  to  the  district  being  low  and  covered 

with  sand.     At  a  short  distance  inland  they  are  very  apparent,  and 

I     nuttked  by  flexures,  which  spread  the  beds  over  a  considerable  area. 

'     The  limestones  here  possess  the  prevalent  S.E.  dips. 

North  of  CuldafP  large  masses  of  trap  are  seen  extending  inwards,  in 

«  W.8.W.  direction,  to  beyond  the  village  of  Malin.     On  the  line 

<tf  the  section  N.  of  these  traps,  another  exhibition  of  quartz-rocks 

<>ocnr8,  intersected  by  other  traps ;  and  this  area  of  quartz-rocks 

extends  for  more  than  two  miles,  after  which  chloritic  schists  again 

^e  their  appearance.     This  second  mass  of  quartz-rocks  with  the 

P^'Pvailing  S.E.  inclination  has  had  its  origin  from  the  same  circxmi- 

^ees  which  gave  rise  to  the  area  south  of  Dunmore  Head,  viz. 

^^  an  anticlinal  pushed  over  towards  the  north.     These  two  areas 

^qtiartz-pocks,  separated  from  each  other  by  the  chloritic  schists  of 

^^*^more  Head,  are  seen  in  the  district  south-west  of  Cardonagh,  and 

^y  form  the  quartzitic  area  which  is  well  developed  on  the  east 

?^  of  Lough  Swilly ;  from  whence  they  extend  south-westward  to 

^^'^^h  Muck,  and  terminate  in  a  point  flanked  on  the  N.W.  by  the 

^''^^te  of  the  Derryveagh  Mountains,  and  on  the  S.E.  by  the  great 

'^^  of  gneissose  rocks. 

^^ntinuing  the  section  north-westwards,  the  chloritic  rocks  suc- 
^^^ding  the  quartz  series  are  well  seen  at  Glengad  Head.  They 
^^^  form  the  Mountain  of  Maheryard,  and  possess,  as  regards  dip  and 
^^"angement,  like  features  to  those  of  the  masses  of  these  rocks 
^\lich  occupy  the  more  southern  area.  A  little  to  the  north  of  Maher- 
^^»d  the  quartz-rocks  again  appear,  supporting  the  chloritic  schists, 
^d  have  a  continuous  S.E.  dip  from  the  junction  with  the  chloritic 
^^odcB  to  a  spot  called  Sandy  Port. 

This  latter  sur&ce  of  quartz-rock  is  much  intersected  by  traps ; 
^nd  at  Sandy  Port  a  well-marked  axis  is  seen,  from  which  reversed 
dips  occur.    Near  this  axis  the  quartz-rocks  put  on  an  aspect  dif  ^ 
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ferent  from  that  which  they  gcncmlly  assume.  Ther  hiifie  «  pii 
colour,  are  much  broken  up,  are  devoid  of  n^ulHT  ftmuigcacnt,  wi 
exhibit  features  nearlj-  akin  to  bomstouc*  At  Satidj  Port,  Inpm 
seen ;  but  these  have  not  produced  the  results  above  alluded  Uy,  led 
such  resulte  do  not  aceompanj"  the  othoT  outbursts  of  trftp^whifiiift 
BO  abundant  along  this  coast. 

Those  cliangL^s  in  the  quartz-rocks  have  odgmatied  from  ptitode 
masses ;  and  although  rocks  of  this  ckaraeter  are  not  sct^  ^ 
diatelj  on  the  north-east  ooast  oi  Donegal,  yet  at  a  Mhort 
inland  suth  rocks  occur. 

The  rock  which  has  produced  the  bomstone  ai^>ect  m  tlie 
rocks,  and  givou  rise  to  this  well-marked  axis^  is  a  Kid  Ayeni^t  T«f 
manifest  on  the  west  eide  of  Malin  Head;  and  this  red  fjmk 
oecupiesi  a  considerable  are4i  in  the  north-west  of  the  eoimtif  d 
Donegal* 

From  this  axis  at  Soudy  Port  the  quartz-rocks  continue  iwft^ 
westivard  to  Ballyhillin,  where  they  are  suec»c4ed  by  tlie  ofrprtr* 
ing  gncisBose  series, 

« >n  the  north  aide  of  this  axis  the  higher  membei:«,  which 
ward  consist  of  chloritic  schist,  are  represented  by  ^fiug^ 
which  is  well  seen  in  the  precipitous  jiooks  on  the  nottii- 
of  ilnlin  Head ;  and  lithologically  this  gneiss  is  very  miiih 
the  ypijer  gneiss  of  Sutherland.     Traps  are  very  abundant 
rocks  which  form  the  north-east  extremity  of  Malin  Kend  ; 
veins  of  white  quartz  are  also  prevalent  in  thij*  locality. 

With  reference  to  the  West  of  Ireland,  where  rocks  oonsktiag^ 
gneiss^  limestone,  and  quartis-roeku  are  shown  to  occur,  I  hsv^iwt 
had  an  opportunity  of  comparing  these  as  they  are  exhibited  m  tJ*' 
County  of  Mayo  with  the  North  of  Ireland  and  with  the  Hi|tW*rf 
rocks.  But,  inferring  from  the  strike  and  the  arrangf>rai^ai  of  thfli 
rocks  ns  they  are  laid  down  on  tho  geological  map  of  Irek&di  I W. 
little  doubt  that  they  are  referable  to  tho  some  position  aadwqiwi^ 
as  the  rocks  of  a  similar  ntiture  in  the  North  of  Ireland  mA  in  ^ 
Highlands  of  Scotland,  and  that  the  true  position  of  these  rocki  iil*^ 
aligned  to  them  by  Sir  Roderick  Murchison  in  his  *'  Hypollifltiw 
View  respecting  the  Gncuisose  Rocks  of  the  Southern  Righlsn^ 
(Qiujrt,  Joum,  GeoL  Soc,  voL  xvi.  page  21^8), 

P.S*  [April  6th*] — Rince  the  above  memoir  \iras  read,  the  antktf  W 
again  visited  the  Hmrstonc  which  is  worked  at  I^ny,neHr  CsJIeo^ 
for  thejjurpojse  of  endcuvouiing  to  procure  fossils  fh>m  theSMO  ' 
lihiek  shalea.  After  a  careful  and  dOigent  si^arch*  no  speometM 
be  detects,  although  the  limestone  is  now  being  wrou^t  to  ft 
siderahlo  extent.  The  face  at  present  expo«K!!d  shows  «  f"*** 
extent  of  rock  than  that  atiovo  referred  to, — no  lose  than  twelwfi-*** 
limcstoTic  with  thin  black  shales  being  visible,  and  having  weU-^ 
vcloped  black  shales  both  above  and  below.  A  dyke  of  poi^j'n*** 
felstone,  whii-h  cuts  the  limestone  very  obliquely  to  (ho  wm^^  ^^ 
quarry,  is  also  seen  on  the  nqi^jfyl^ 
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Ahhongh  no  fossils  were  seen,  the  phenomena  of  deavage,  which 
fo  by  no  means  well  developed  among  the  rocks  constituting  the 
himpiansy  are  beautifdlly  shown  in  the  shales  associated  with  the 
imestone  in  this  spot.  These  possess  a  cleaved  structure  to  a  great 
xtent,  having,  in  some  instances,  lost  all  traces  of  their  original 
ledding.  The  thin  limestones,  however,  are  devoid  of  this  structure, 
HI  circumstance  which  supports  the  inference  that,  although  the 
ods  of  the  Grampians  have  been  subjected  to  the  pressure  which 
volts  from  great  flexures  and  contortions,  the  lithological  nature 
(f  the  strata  was  such,  except  in  the  case  of  the  shale-beds,  that  no 
Mirangement  of  particles  could  take  place  to  give  rise  to  cleavage- 
ihnes. 


Mabch  6, 1861. 

ftands  George  ShiredifP  Parker,  Lieut.  H.M.  54th  Begiment, 
^Aee ;  and  J.  Gwyn  Je£&eys,  Esq.,  25  Devonshire  Place,  Port- 
ed Place,  were  elected  Fellows. 

The  following  communications  were  read : — 

*  On  th^  SuccBssiov  of  Beds  in  the  "  Hastdtos  Sand  "  in  the 
IfoEiHEBN  Portion  of  the  Wbalden  Aeea.  By  Ebbdebic  Drew, 
&q.,  F.G.8.,  of  the  Geological  Survey  of  Great  Britain. 

CONTSRTS: 

!•  Intitxladion. 

ll*  Wealden  Formatioiis  in  the  Meridian  and  Neighbourhood  of  Tunbridge 
Wells. 

1.  Weald  Clay.  3.  Wadhurst  Clay. 

2.  Tunbridge  Wells  Sand.  4.  Ashdown  Sand. 

A.  Presence  of  the  Ashdown  Sand  in  the  Bailwa^-outting  between  Tun- 
bridge and  Tunbridge  Wells,  and  the  Extent  of  the  Tunbridge  Wells 
Sand  to  the  Northward. 
^  Bastward  of  the  Meridian  of  Tunbridge  Wells. 

1.  Weald  Claj^.  4.  Ashdown  Sand. 

2.  Tunbridge  Wells  Sand.  5.  Hastings  Sand  around  Hastings 

3.  Wadhurst  Claj.  and  Battle. 

•  Westward  of  the  Meridian  of  Tunbridge  Wells. 

1.  Weald  Claj.  2.  Tunbridge  Wells  Sand.  Upper 

and  Lower,  with  the  intermediate  "  Qrinstead  Claj.*' 
.  Nomenclature  of  the  Hastings  Sands. 

1.  Dr.  Mantell's  Nomenclature. 

2.  Seasons  for  using  the  Names  now  proposed. 

*  Weald  day  of  the  Neighbourhood  of  Horsham. 

•  CoDolusion.    Litbologual  Characters  of  the  Hastings  Sand. 

t«  IfUrodueUan, — ^Having  for  the  last  two  years  been  engaged  (in 
oouise  of  the  progress  of  the  Government  Survey)  in  examining 
t  of  that  large  tract  in  the  south-east  of  Ei^land  which  is  made 
tbe  outcrop  of  the  Wealden  strata,  and  having  now  become  ac- 
roL.  xrn. — ^pabt  i.  r 
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quaintcd  with  many  deteils  concerning  that  formation ^  I  wkh  ttt 
bring  before  the  Bocioty  an  account  of  its  Hthological  character  mj 
of  the  order  of  fiac<;os8ion  that  prevails  in  it. 

As  r^ards  this  part  of  England,  the  Wcaldon  formation  Eaa  hn^ 
been  divided  into  three  members,  namely— 

The  "  Weald  Qay,'*  the  '*  Hastings  Sand,"  and  the  "  Aabbnnjlm 
Beds." 

The  first,  the  "  Weald  Cky/'  is  mneh  the  same  through  all  in 
thickness  ;  i^^here  there  is  variety  in  it^  it  has  l^**n  weU  dc^scribed  1^ 
Dr,  Fitton,  Mr.  Martin,  and  Dr.  Mantell*  The  lowest  niember,  tk 
'*  Ashbnmham  Beds/*  which  may,  perhaps^  be  classed  with  the  h> 
beck  formation,  does  not  appear  in  that  district  in  iviiich  I  haveiwirt, 
particularly  boon  engaged.  I  ahaU  theretbre  say  little  of  these  t^* 
and  almost  eonfioo  mpeif  to  the  *♦  Hastings  Sand/'  and  to  the  mis^l 
em  part  of  the  Hastinga  Sand  country,  a  district,  50  miles  long  niij 
varying  from  3  to  12  or  more  in  width,  lying  between  and  in  iW 
neighbourhood  of  the  towns  of  Tenterden,  Cranbrook,  TunbiM 
WelL*,  East  Grins tead,  and  Horf^ham,  I 

This  *'  Hflstings  Sand,"  it  is  well  known,  has  mnch  day  and  L 
little  of  other  substances  interstratitied  with  it ;  and  sometbini  )m 
been  done  towards  finding  out  the  order  and  character  of  its  iiriJ 
eionfl,  especiully  in  certain  districts ;  but  these  are  small  in  cstm 
and  are  separated  from  one  another,  no  good  comparison  of  the  bedl 
in  each  has  teen  made,  and  some  of  the  accoimts  given  seem  to  b?€fl»^ 
tradicted  by  the  facts  which  I  have  lately  observed.  I  therefore  ti^ 
it  TvcU  to  lay  these  before  you,  with  my  notions  as  to  th^dr  baa  " 
on  what  was  before  known  ;  and  I  believe  they  will  do  a  good 
towards  connecting  together  the  various  information  you  are 
in  possession  of,  and  clearing  up  some  points  on  which  doubt 
fusion  has  been  felt. 

It  will  be  best  firat  to  repeat  as  shortly  as  possiUe  the  eoiwto- 
Bjons  arrived  at  by  those  who  have  written  about  these  Btmta, 

Dr.  Mantell,  who  had  paid  more  attention  than  any  one  else  t^^' 
Woolden  formation,  and  who  was  particularly  successful  in  th**di»- 
covety  and  the  study  of  its  oi^nic  remains,  gives  the  foUowiflg  **) 
the  succession  of  beds : —  i 

Weald  Gay,  stiff  brown  and  blue  cky ;  tiien  the  Hastings  SM 
divided  into-^— 

1.  Horsted  Sand:  light- coloured  sand  and  sandstone^ 

2.  Tilgate  Beds :  sand  and  sandstone,  gritstone  (calcareooi  m^ 

stone),  and  clay  or  shale. 

3.  Worth  Sands :  white  and  yoUow  sand  and  sandstone* 
The  name  of  No.  1  is  taken  from  a  place,  which  I  have  not  visitJi' 

not  far  irom  Lewes ;  No,  2  is  adled  '*  Tilgate  Beds  *'  from  Ti^p^ 
Forest,  some  miles  east  of  Horsham  ;  No.  3  is  named  fr«ni  its  ociaiF*^ 
rence,  according  to  Mantell,  at  Wort^h,  near  Crawley,  In  th«  m^' 
bonrhood  of  Hastings,  whore  the  best  sections  an?  to  K*  ittrnt  ^^ 
ManteU  reoogni^es  the  same  series  of  strata  as  he  ohsttrred  in^ 
more  western  parts  whence  be  took  their  names ;  and  lie  dewii^ 
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Horsted,  Tilgate,  and  Worth  Beds  as  having  just  the  same  characteis 
m  the  two  districts. 

Dr.  Fitton,  in  his  valuable  paper  on  the  strata  below  the  chalk, 
Ijliyes  some  detailed  sections  of  what  was  to  be  seen  on  the  face  of 
the  difb  west  of  Hastings ;  and  these  have  come  to  be  the  more  im- 
portant from  much  of  what  was  then  visible  being  now  obscured  by 
the  buildings  of  the  town  of  St.  Leonards.  Dr.  Eitton  did  not  at 
that  time  connect  what  he  observed  into  a  system  of  strata ;  but 
nheequently,  in  a  '<  Sketch  of  the  Geology  of  Hastings/'  written  by 
Imn,  be  adopted  provisionally  the  same  division  as  Mantell  did. 

The  information  given  in  the  older  books  and  papers  may  be  con- 
ndered  as  merged  in  these  conclusions  of  Dr.  ManteU  and  Dr.  Fit- 
kon:  so  I  need  not  speak  further  of  them ;  for  I  do  not  wish  to  give 
hare  a  history,  but  an  account  of  the  latest  and  best  state  of  the 
knowledge  of  this  formation.  More  lately,  however,  than  aU  this, 
Hr.  Morris  and  Mr.  Prestwich  described  to  ^e  Society*  the  cuttings 
that  were  being  made  for  the  Tunbridge  Wells  Eailway ;  and,  though 
Ihey  were  not  quite  sure  that  they  understood  the  succession  of  the 
bedB  exposed  in  them,  they  gave  ^eir  idea  of  what  it  might  be.  As 
file  part  examined  by  them  is  included  in  that  which  I  intend  to 

rik  pf  somewhat  minutely,  I  will  leave  the  discussion  of  their  views 
the  present,  and  pass  on  to  my  own  description  of  the  rocks. 
In  giving  this,  I  will  first  speak  of  them  as  they  occur  in  the 
ao^bourhood  of  Tunbridge  Wells — ^for  many  reasons  a  convenient 
^art  to  b^in  with ;  I  will  then  give  a  short  account  of  what  they 
MB  cm  the  east  of  that  place  ;  and  lastly,  we  will  trace  them  in  the 
ifter  direction  as  jhr  westward  as  where  the  Hastings  Sand  dips 
hfteath  the  Weald  Clay. 

II.  In  the  Meridian  and  Neighbourhood  of  Tunbridge  Wells. 

1.  Weald  Clay. — In  the  meridian  of  Tunbridge  Wells  I  find  the 
Weald  Clay  to  consist  nearly  all  of  day  and  shale  of  different  colours, 
^,  brown,  yeUow,  &^.  It  has  one  or  two  thin  bands  of  Paludina- 
KineBtone,  and  some  calcareous  grit  and  clay-ironstone ;  the  thick- 
■«8 1  believe,  from  what  I  hear  of  borings  into  it  at  Maidstone,  and 
fcwn  what  I  see  of  the  fall  of  ground  between  where  its  upper  beds 
^'ccur  and  the  outcrop  of  its  base,  to  be  not  less  than  600  feet  f. 

*  QuATt  Joam.  Qeol.  Soc.,  vol.  u.  p.  397.  1846. 

tThe  following  are  the  grounds  for  this  estimate.  A  boring  at  Brenchlej's 
*«»er^,  at  the  bottom  of  Uabriel's  Hill,  Maidstone,  which  began  about  at  the 
^  of  the  Weald  Clav,  went  through  500  ft  of  clay  (passing  a  water-bearing 
*^  at  100  ft.),  and  did  not  reach  the  bottom.  Another  boring,  at  Allnutt's 
^iper-mill,  Toril,  near  Maidstone,  began  at  the  top  of  the  Weald  Clay,  passed 
J^*ter-bearinff  sand  at  115  ft.,  and  went  through,  on  the  whole,  600  ft.  of  cli^ 
^'^  to  a  hard  rock,  which  thej  did  not  pierce,  and  which  yery  likely  was  the 
1"^  of  the  Haatingt  Sand.  Afain,  the  top  of  the  Weald  Clay  at  Biver  Hill,  on 
^I^Qreensand  eeoarpment,  is  500 ft  aboTC  the  sea-level ;  at  Leigh  (which  bears 
^^  BiTer  Hill  in  a  direction  at  right  angles  to  the  strike  of  the  beds)  the  base 
of  it  b  80  ft  above  the  sea-lereL  Therefore,  if  the  beds  were  flat  between  those 
^^^pboei,  there  would  be  a  thickness  of  420  ft;  but  it  is  very  likelj  that  there 
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The  boundarj^  botweei]  it  and  the  first  stratum  of  tlie  Hastiiigs  Sui| 

IB  sharply  defined :  in  id  any  places,  jls  at  tlie  river-bank  below  Earn- 
hurst  Farm  near  Tanbridge^  at  Capel  on  the  cast  of  tbat  town,  am 
at  Culverden  Quarry  and  KustbaB  ConmiDnp  both  near  Tunbiid^ 
Wells,  the  clay  is  seen  to  rest  immediately  an  good  sand  or  «i&ndfilM 
At  a  certain  height,  howeyor — perhaps  thirty  feet — above  the  jm»d 
tion  there  is  a  layer  of  loam  with  a  little  sandstone,  which  inayTi!| 
from  twenty  to  a  veiy  few  feet  in  thickness.  This  is  within  what  1  tm 
"  Weald  Clay/*  Between  this  layer  and  the  stratam-leirl  tktll 
take  for  the  boundary,  is  stiif  day  or  shale,  sometames  contaiiiisf , 
lenses  of  calc^ireous  grit  **  . 

2.  Timhridtje  WfM  Sand. — The  first  layer  of  the  Hastinp  Sd  1 
I  call  **  Tunbridge  Wells  Bond'* ;  and  in  using  this  and  otiiar  mmt  i 
of  my  adoption  I  have  been  guided  by  reasons  which  wiH  best  hi 
given  towards  the  end  of  this  paper. 

The  top  of  the  Tunbridge  Wells  Sand  is  hardly  seen  on  the 
outcrop  of  it  from  beneath  the  Weald  Clay,  though  at  these 
namely,  on  the  left  bank  of  the  Hedway  on  the  wc^t,  and  by 
and  Capel-bank  on  the  east  of  Tunbridge— there  are  moderatelf^ 
seotionB :  but  it  is  weU  shown  in  iscveral  parts  of  that  gUBt 
of  this  subdivision  which  occurs  all  around  Tunbridge  WeUs, 
top  bed  is  in  many  places  a  fine,  liard,  white  sand^  with  few  or 
partings  or  distinct  on  of  bed^i  in  it,  siniLlar  in  composition  t4>  tJwt 
thick  bed  of  sand  nndementb  the  Castle  and  in  the  Ea^t  Cliff  d 
Hastings,  though  this  belongs  to  another  horizon-  It  is  stuff  tbt  i|j 
difficult  to  work  out,  and  flometimes  requires  even  blasUug;  \M 
when  separated  into  fragments,  a  toueli  will  brt?ak  it  into  loose  mam 
In  other  places  the  bed  is  a  soft,  generally  buff-eolour**d,  or  (Ml 
light -brown  building- stone  in  a  massive  bed.  The  gradual 
from  the  first  kind  of  subst^inc^  (which  may  conveniently  be 
"  roek-sand  *')  to  the  other  is  well  seen  along  two  or  three  diift 
lines — namely,  from  Tunbridge  Wells  by  Rusthall  Common  to  " 
tout  J  from  the  High  Koeks  to  the  summit  of  Groombridg©  Hill, 
&t>m  Bridge  lloeks  to  Alksford  and  8herloek'e.  I  have  measm^ 
different  places  25, 35,  and  even  48  feet  of  the  roek-saad?  and  «f  iMj 
equivalent  bed  when  sandstone  10,  12,  or  16  feet,  gencrsJly  i^^ 
thick,  pretty  hard  layer.  Beneath  this  well-marked  top  bed  ami 
still  sandy  beds,  but  not  massive  ones  like  the  first ;  for  the  giw** 
part  of  the  Tunbridge  Wells  Band  may  bo  described  ss  »ofl,  i(uff  m 
light- broT\Ti  sandstone  in  beds  of  half  a  foot.  1,  2,  3,  or  morrM 
thick,  interstratificd  with  beds  of  loam,  thin  beds  of  elay,  and  nd^ 
and  then  some  rather  loose  sand.  The  whole  thiekneas  of  the  subdiTi^ 
sion  seems  to  be  100  or  IBO  feet.    I  judge  it  to  be  as  much  an  lUij 

is  a  gpupral  dip  to  the  north  (in  one  or  two  plaices  I  haT?  ween  tlsc  bedt  dinil^ 
in  thftt  difwtion) :  if  it  wert  only  half  or  three*quarters  of  a  dcgtte^  tkm  mX^M 
would  be  600  feet.  1  ma  wjdellted  to  Mr.  Bensfcd,  of  ll«id»toae,  far  tk  Mjf 
mation  about  the  borings,     ^  - 

*^  In  tk(  to  Mow  in  j;  looalitifa  :^Bi%'er-banlt  nearly  s  iiul#Mit  of  Ic^ii;  w^ 
wny-ciitting  north  of  P^JikMhlirA  Purk  ;  near  Vardt^tmhe,  is. 

T  Marked  Lrn§ihingtm  Onm  on  thu  Ordnanoo  Mnp. 
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atTunbridge  Wells,  from  the  great  descent  there  is  between  the  out- 
lier of  Weald  Clay  at  the  top  of  the  Common,  by  the  comer  of  Bishops- 
down,  and  the  yalley  of  the  Wells ;  and  even  in  this  the  base  of  the 
auid  is  not  reached,  while  the  dip  is  in  that  direction  which  would 
make  out  the  thickness  more  than  the  fall  of  the  ground.  At  Groom- 
ing Hill  too,  where  the  strata  are  about  flat,  there  is  180  feet  of 
vertical  height  from  the  top  to  the  bottom  of  the  sand.  At  Bridge 
Bocb,  however,  and  at  some  other  places,  there  can  hardly  be  so 
great  a  thickness. 

I  should  here  mention  those  natural  sections  so  well  known  to 
erery  one  who  has  been  in  the  neighbourhood  of  Tunbridge  Wells : 
ihej  are  lines  of  projecting  rock  sometimes  showing  a  quite  perpen- 
dicQlar  face.  From  their  having  a  grey  weathered  surface,  and  from 
the  way  in  which  the  vegetation  is  combined  with  them,  clothing 
and  hanging  over  the  summits,  they  form,  in  several  places,  exceed- 
ingly pretty  groups.  All  of  these  (namely  those  on  Tunbridge  Wells 
and  Rnsthall  Commons,  Bridge  Eocks,  Harrison's,  Penn's  Eocks,  <&c.) 
Wong  to  one  stratum,  namdy  the  top  bed  of  the  sands  that  I  have 
lefore  described;  and  it  is  to  be  remarked  that  these  bare  rocks 
wmr  where  the  bed  is  not  in  its  hardest  form  (namely  a  good 
Mndstone),  but  they  are  almost  in  every  case  composed  of  rock-sand, 
i^ch  would  seem  to  resist  the  degrading  action  of  the  weather  by 
tfce  solid  mass  it  presents  without  planes  of  division.  It  will  gene- 
iiDy  be  found  that  the  rocks  are  capped  with  an  outlier  of  clay,  which 
»  rf  course  the  Weald  Clay.  There  is  one  more  circumstance  about 
flie  Tunbridge  Wells  Sand  which  I  would  have  borne  in  mind,  be- 
anse  it  bears  on  a  question  we  shall  come  to  discuss ;  it  is  that  some- 
tbes  at  a  level  quite  low  down  in  this  subdivision  another  bed  of 
9ck-8and  occurs ;  it  does  not,  however,  form  any  natural  rocks.  It 
■i^  be  seen  by  Groombridge,  Speldhurst,  Nashes  near  Penshurst, 
ind  at  other  places. 

3.  Wadhurst  Clay,^ — ^We  now  come  down  to  a  day  stratum,  which 
IcaU  "Wadhurst  Clay."  The  bottom  of  the  sand  is  generally  loamy, 
fluB  being  the  passage  (not  a  very  gradual  one)  to  the  clay  that  suc- 
BBeds.  This  last  is,  bo^  in  the  upper  part  and  through  all  its  thick- 
■*8,  stiff  brown  clay,  or  brown  or  blue  shale ;  it  ends  sharply  against 
^  next  sandy  stratum,  gopd  clay  or  else  shale  resting  on  sand  or 
■Jidgtone.  The  thickness  was  proved  by  a  well-sinking  at  Pellet 
^te,  Pembury,  to  be  160  feet ;  but  I  do  not  think  it  is  everywhere 
!"ite  so  much ;  I  should  say  that  in  the  neighbourhood  of  Tunbridge 
^ells  it  varied  between  that  and  120  feet.  There  occurs  a  little  of 
^'^  different  kinds  of  stone  in  this  clay, — first,  a  calcareous  grit, 
'^  fine,  hard,  calcareous  sandstone,  which  is  seen  in  thin  beds  every 
!ye  and  there ;  but  just  in  the  neighbourhood  of  Beech  Green, 
Uihyham,  it  forms  beds  of  two  or  three  feet,  much  worked  for 
Mstone.  Secondly,  a  shelly  limestone,  containing  Cyrena  chiefly, 
^Which  I  only  saw  a  few  two-  or  three-inch  layers.  Thirdly,  a 
kK>th  grey  day-ironstone,  generally  in  small  nodules  or  layers 
nodules.    It  was  this  kind  of  ironstone,  and  chiefly  stone  from 
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this  ?ery  stratum,  that  was  dug  to  supply  the  furnaces  that  once 
aboanded  in  this  part  of  the  country.  The  shallow  round  pits  by 
which  it  was  extracted  can  yet  be  seen  in  many  of  the  woods ;  they 
must  not  be  confounded  with  the  large  openings,  now  partly  fOled 
up  and  much  overgrown,  or  else  forming  ponds,  that  were  made, 
ako  many  years  Wk,  to  get  shale,  or  "  marl "  as  they  call  it 
here,  with  which  it  was  the  custom  to  dress  the  land.  It  may  be 
that  in  digging  this  out  they  put  aside  and  carried  to  the  furnace 
whatever  ironstone  was  met  with :  all  tradition,  however,  points  to 
the  small  shallow  holes  as  the  source  of  the  ore,  which  went  (and 
iiillgoes)  by  the  name  of  "iron-mine"  or  "mine-stone,"  while  the  pits 
are  called  "  mine-pits,"  and  the  large  places  are  everywhere  recog- 
niied  as  "  marl-pits."  I  shoidd  mention  that  on  the  south  of  Wad- 
hunt  Tunnel,  in  the  railway-cutting,  I  saw  a  thickness  of  16  feet  of 
sandstone  and  loam  in  this  clay,  and  once  or  twice  besides  I  have 
ieen  traces  of  a  similar  bed.  It  is  likely  enough  that  the  same  sort 
of  tiling  occurs  in  other  places,  where  it  escapes  notice  (for  in  a  clay 
wontry  deep  sections  are  always  scarce) ;  yet  I  have  seen  enough 
to  be  convinced  that  this  bed  is  very  nearly  all  of  clay. 

4.  Ashdawn  Sand. — ^The  "  Ashdown  Sand"  comes  next ;  it  has  no 
diaracter  to  distinguish  it  from  the  Tunbridge  Wells  Sand;   the 
t^^o  can  only  be  separated  by  regarding  their  positions  with  respect 
to  the  WadSiurst  Clay,  or,  if  tins  fails  on  account  of  faults  being 
l*B8ent,  by  slight  and  quite  local  diflPerences.   It  is  a  similar  collec- 
tion of  layers  of  sandstone  and  loam  with  an  occasional  bed  of  rock- 
■Wid ;  and  it  has  this  further  resemblance,  that  the  top  is  in  many 
PWes  a  good  thick  bed  of  rock-sand :  this  is  well  seen  in  four  or 
f    Jfe  of  the  valleys  lying  on  the  north  of  the  road  from  Wadhurst  to 
•wk  Cross,  which  reach  through  the  clay  to  the  Ashdown  Sand.    I 
^  Hot  think  I  have  found  this  bed  making  natural  rocks  like  the  one 
^  the  top  of  the  other  sands. 

Clay-ironstone  occurs  occasionally  in  the  upper  sandy  subdivision; 
•^^  yet  more  is  found  in  the  Ashdown  Sand.  A  good  deal  may  be 
"^^^  in  the  heaps  brought  up  from  the  Wadhurst  Tunnel  and  thrown 
^J*^  above  it ;  and  in  the  railway- cutting,  a  mile  and  a  half  further 
~^n  the  line,  it  has  lately  been  worked  to  see  if  it  would  answer  to 
*^^^isport  it  to  the  North.  On  Ashdown  Forest,  too,  it  occurs  fre- 
J^^sntly,  generally  with  a  coating  of  brown  iron-ore ;  there  are  two 
^  three  pits  where  it  is  now  being  dug  for  roadstone ;  and  I  have 
r^^^rd  that  about  here  like  stone  used  to  be  extracted  from  the  sand 
^^  smelting. 

A  bed  of  clay  and  shale  occurs  in  these  sands ;  it  is  seen  at  several 
^^)^tB  south  of  Frant  and  along  the  north  of  Ashdown  Forest ;  at 
^e  latter  part  it  appears  to  be  30  feet  or  more  in  thickness. 

These  sands  have  a  groat  spread  about  Ashdown  Forest ;  it  is  in- 
deed the  central  district  of  the  Hastings  Sand,  where  these  low  beds 
ijse  and  make  the  highest  ground  of  any  in  the  whole  formation. 

Hie  deep  valleys  that  cut  across  Ashdown  Forest  reach  down  to 
mch  a  depth  as  to  expose,  I  should  think,  250  feet  in  thickness  of 
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the  sands,  withoiu  rouchbig  to  Uicir  baae ;  for  the  lowest  beds  aeea 
(those  at  Crowborough  MiJla  ^em  to  be  bo)  are  of  jaat  the  stm?^ 
sort  of  sandstone  and  loam.  Some  miles  north  and  north-east  of  tMsi^ 
there  are  other  tracts  of  this  &and,  of  veiy  irregular  forme ;  they 
brought  to  the  surface  by  one  or  more  ozLticlinab  that  run  iomewl 
east  and  west.  There  are  two  inliers*  of  it  quite  near  to  th^^ 
country  of  the  Weald  Clay  itself;  namely,  one  a  few  mile^  t«  tl)>^ 
south-east  of  Edenbridgo,  and  another  that  stretches  from  Pen^tir^^^ 
to  beyond  the  line  of  railway  betweea  Tunbridge  and  Tunbrvls^ 
Wells. 

A.  Presence  €ff  tht  AMhlown  Sand  in  the  EaUway-^^^&n  fi^^^ 
Tunbridge  to  Tunb^-idge  Wells,  and  the  Ert^ni  of  t/i*  Tmibridgt  KV^ 
Sand  to  the.  twrthward. — It  is  juBt  at  this  part  that  the  beds  w«j^ 
examined  by  Mr*  ITorria  and  Mr*  Pr^atwith,  whose  descnption  of 
them  is  printed  in  the  Society's  Journal  t*    In  making  a  oompanat© 
of  this  with  the  results  of  my  own  olBervations,  I  must  refer  pa     • 
to  the  transverse  section,   fig.   2,   p.  270.     Mr-  Monis  and  Ifr, 
Prestwich  began  their  observations  by  the  Tunbridgt?  Tunnel ;  and 
just  on  the  south  of  it  they  saw  sandstone  beds  coming  from  under- 
neath a  great  thickness  of  day  and  shale.   Passing  on  through  mv~ 
ral  cuttings,  and  rightly  interpreting  a  fault  (the  throw  of  wMd, 
however,  they  somewhat  overnited),  they  came  to  shale  ogaiiii  tb» 
time  overlain  by  sondatono.    This,  however,  they  take  to  be  a  lower 
bed  of  shale  (partly  from  its  dilfering  from  the  other  in  being  uBfLi- 
siliferous),  imd  they  consider  this  aandstone,  which  continues  on  ta 
Tunbridge  Wells,  to  be  in  the  same  part  of  the  nQtie^  with  that  dirf 
first  saw,  accounting  for  the  position  of  the  shale  by  suppoeijig  * 
second  fault,  coneeded  in  the  valley*    I  am,  boweTer,  eonvinffd 
(and  I  have  no  doubt  that  Mr»  Prestwich  and  ilr.  Morris  would  ha^ 
come  to  the  mtae  conGlusion  if  they  had  been  able  to  extend  thoT 
observations  for  a  few  miles  to  the  east  and  west  of  the  railway  1  tbit 
these  last  shales,  coming  from  underneath  the  Tnnbridg©  Wells  SouA. 
are  the  uppc^r  part  of  the  bed  of  which  the  shales  at  the  Powiier-mi£^ 
and  Timbridge  cuttings  ore  the  lower  (namely  the  WadhiuTst  (layU 
and  that  the  sandstone  nndemeatb  them  at  the  latter  plates  is  thi'  ^P 
of  the  Ashdown  Sand,  This  I  have  proved  by  tracing  the  sbdo  ai^j^Tiii 
this  inlier  of  band  wliich  I  observe  to  come  from  undemeatli  it :  w^lii^*-^ 
the  shale,  in  its  turn,  is  covered  by  the  mass  of  sand  from  Bidboif-afiii^ 
to  Tunbridge  Wells,  as  well  as  by  like  sand  on  the  otlier  aide  of  th^ 
valley,  and  is  clipped  by  two  or  three  outliers  of  sand  nearer  to  TttB-^ 
bridge.     The  difficulty  in  the  way  of  this  explanation,  wMcih  "  ^ 

*  I  doubt  if  this  word  inhW  is  enoii^li  in  u^  to  be  allowed  to  paM  wli 
explanation ;  for  1  l\Ave  nevor  Be>en  it  in  print  It  means  ii  0pa«e  i>c>c*up»d  ti? 
formation  which  is  oompletelv  Eurpoiiadtd  by  another  that  rest*  upoa  iL    If 


useful  to  ha^e  h  word  that  will  t^iprt**  tliij* ;  and  '*  hlivr  "  ii  a  very  i  ^ , 
one;  for  the  tiirciim»l.flni"*?  to  be  named i*  tlie  ^xm^  eonvta-w?  of  "  t*aiiwp.* 
is  an  isolated  mans  surrounded  bj  a  formation  tlmt  luidiirbtfa  it ;  and  the  m^^" 
tages  of  "  inlier  "  arc  manifest  over  itieh  a  p^iribfc^  as  wa^  used  in  Hht  i 
by  the  late  Mr.  Pp  J.  Martin,  hatociIt,  "  outGer  bj  protmaion*" 
t  Quart  Jo  urn.  Qml  Soc.,  No.  6,  toL  ii,  p,  3^7. 
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>n  that  aoooimt,  is  that  there  are  few  signs  of  such  a  thick- 
ind  as  that  of  all  the  Tunbridge  Wells  beds  on  the  north  of 
ridge  Tunnel ;  I  have,  however,  seen  sand  resting  on  the 
I  there,  and  not  far  off  are  one  or  two  sections  showing  no 
rable  thickness  of  it.  The  greater  part  of  the  space  between 
the  Weald  Clay  is  flattish  ground,  covered  either  by  a  loamy 
or  by  gravel ;  and,  of  course,  sections  through  this  are 
mt  I  have  seen  some  sand  as  far  away  as  a  quarter  of  a  mile 
W.  of  Tunbridge  Town.  The  Tunbridge  Wells  Sand,  then, 
e  its  first  outcrop  along  here,  though  there  is  no  great  feature 
I  such  as  one  would  expect ;  for  along  this  part,  where  there 
al  line  of  elevation,  the  ground  has  been  denuded  to  quite 
el. 

II.  Eastward  of  the  Jiteridian  of  Tunbridge  Wells. 

aid  Clay. — ^The  foregoing,  then,  are  the  bods  £hat  are  found 
ighbourhood  of  Tunbridge  Wells — ^using  the  word  "  neigh- 

"  in  a  somewhat  wide  sense :  we  will  now  look  at  them  in 
I  easterly  part  of  their  outcrop  (for  I  have  traced  them  for 

twenty  miles  in  that  direction),  taking  them  in  the  same 

before.  The  outcrop  of  the  lower  part  of  the  Weald  Clay 
;  ground,  where  there  are  few  sections  of  any  depth ;  and, 
t  is  hidden  in  many  parts  by  some  thickness  of  gravel ;  I 

cannot  speak  as  to  its  exact  character,  but  I  find  a  pretty 
'ked  line  between  the  clay  and  the  Tunbridge  Wells  Sand. 
Tunbridge  Town  I  quite  lose  sight  of  that  loamy  and  sandy 
h  I  said  there  was,  on  the  other  side,  some  forty  feet  up  in 

nhridge  Wells  Sand.— ThQ  top  of  the  Tunbridge  Wells  Sand 
rocky  character  a  Uttle  before  we  get  as  far  east  as  Brench- 
becomes  sandstone  and  loam  not  different  from  the  rest  of 
Lon,  which  itself  is  so  much  the  same  as  I  have  before  de- 
hat  I  need  hardly  speak  of  it  more.  It  may  be  mentioned, 
,  that  at  a  level  tiiat  seems  to  be  somewhat  below  the  mid- 
e  is  seen  in  some  places  a  thin  bed  of  clay  and  loamy  clay, 
d  in  colour,  and  underneath  it  a  bed  of  rock-sand  or  else 
dded  sandstone.  I  cannot  say  for  certain,  but  I  think  that 
•bed  is  not  always  present,  but  Hcs  in  patches,  while  the 
Euracter  of  what  is  underneath  it  is  more  persistent.  The  two 
be  traced  as  far  east  as  the  town  of  Tenterden.  See  fig.  1, 
Hardly  any  evidence  could  be  obtained  about  the  thickness 
[vision ;  but  it  seems,  from  the  space  it  occupies,  to  be  much 
3  as  at  Tunbridge  Wells. 

e  Wadhurst  Clay. — The  Wadhurst  day  is  also  like  what  it 
abridge  Wells.  I  have  but  one  thing  new  to  remark  on  it : 
top  of  it  (the  few  feet  below  the  junction  with  the  sand)  is, 
places,  especially  near  Cranbrook,  of  a  rather  red  clay.  The 
s  seems  to  be  as  much  as  160  or  170  feet  at  Goudhurst,  and 
288  in  other  places. 
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4,  ^sfeifoMm  Smid. — The  Ashdovn  Sand,  too,  is  the  same  as  be* 

fore.  It  still  19  rocky  ut  or  near  the  top  ;  that  is  to  say,  thick -bt^diipd 
sandstone  or  rock-sand  ia  tbnnd  not  many  feet  below  the  bn^  of  \h» 
Wadhurst  Clay ;  for  the  rest*  it  is  such  tliat  one  cannot  distin^^uisB 
it  from  the  Tunhridge  Wells  Sand,  I  hare  not  seen  any  great  Ihick- 
ness  of  it.     The  bottom  has  not  been  reached. 

5.  Hasting»  Sand  around  MaMlng^  ar\d  BatiU. — Tfiese  three  tda^ 
then— two  of  sand  with  one  of  clay  between  them — spread  OTer  i 
considerable  area,  without  undergoing  any  great  change ;  and  beyotid 
thia  part,  where  I  have  my  sell*  examined  them,  Mr*  Charles  Goddj 
who  was  then  on  the  Geological  Survey,  made  out  at  the  same  time 
their  miceession  about  Hastings  and  Battle  and  further  to  the  narth- 
wost :  aad  he  baa  dc^eribed  them  in  his  notes  in  much  the  same  tenna 
that  I  have  used  for  them,  though  it  would  seem  that  the  ckv  m 
the  middle  (the  Wadhurst  Clay)  is  there  of  a  less  thickness,  and  has 
a  greater  admijcture  of  loam  and  sand,  than  in  the  more  northerly 
part.     Mr.  Gould  and  myself,  though  the  districts  we  were  upoi^ 
were  quite  separated,  worked  up  to  and  identified  a  sec-lion  in  atn 
intermedia  to.  (spot,  so  as  to  be  sure  of  the  tnie  relation  of  the  beds  iJ3 
the  two  districts.     Quite  lately  I  have  been  in  the  very  easterly 
part,  at  Rye  and  thereabouts,  and  have  found  similar  strata  with  ttM 
siiuic  general  character,  and  wldeh  may  tlierefore  be  considered    ^ 
belong  to  all  the  Hastiiigs  Sand  that  is  east  of  Tunbiid^  Welb* 

IV.   W^siward  of  the  Mendian  of  Tunhridge  Wtlh.  ^| 

1 ,  Weald  Clay, — Next  in  couree  we  will  follow  tho  strata  we^^ 
ward  from  our  tii^t  Btarting-point.  Tho  Weald  Clay^  as  a  wholes 
continues  tho  same.  A  sitndy  bod  of  no  great  thickneas  occurs  ne-^ 
the  bottom,  which  appears  to  be  a  continuation  of  the  one  I  meJ* 
tioncd  betbre :  it  may  be  traced  pretty  distinctly  as  far  as  Lim^ 
field ;  and  so  may  the  horizon  below  it,  which  I  fix  on  for  the  top  ^ 
tho  Hastings  Sand ;  but  west  of  lingfield,  for  a  length  of  about  ei^3^ 
milea,  neither  line  is  so  defiaite*  There  is  a  good  deal  of  loam  ^ 
the  bottom  part  of  tlio  Weald  Clay,  and  what  clay  there  is  is  mos€^ 
sandy  chiy :  the  line  I  hare  taken  for  ihu  boundary  is  where  tt»^ 
doubtful  stuff  ends  and  the  purcT  sand  begins.  It  must  be  remec*^ 
bert^  that  it  is  within  quite  narrow  limits  that  its  right  positioa  ^ 
doubtful.  Beyond  Three  Bridges  Station  tho  change  from  day  "* 
sand  becomes  more  marked  again,  and  keeps  so  till  near  Horsha** 
where  there  is  some  difficulty  in  pointing  out  tho  ei:a£t  haundsx^ 
It  is  clear,  though,  that  the  sand  does  not  extend  more  than  a  niiJ| 
beyond  that  town,  but^  dipping  gently  westward,  disappears  benm^^ 
the  Weald  Clay,  the  boundary-lme  changing  its  direction  and  trejL^S 
ing  to  the  south-east. 

2,  Tunhrtdfje  Welh  Santl^  tipper  und  Lower^  with  ihs  inUrmedi^^ 
Qvimtmd  Clay, — 0^  *li«  TntiTt^iliM  WaIU  ^^t^A    <i.a  «^ii  r  *" 
of  tlie  upper  half, 
for  some  milos;  it  \k 
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id  is  again  exposed  in  Chiddingstone  Park.    West  of  this,  for  a  few 
ilee,  the  oatcrop  of  this  part  of  the  series  is  interrupted  by  some 
olts.     At  Stamford  End,  Edenbridge,  rock-sand  is  again  seen  at 
Le  horizon  that  I  am  speaking  of:  but  this  is  about  its  last  point ; 
*T  further  west  the  top  of  the  Wells  Sand  is  thin-bedded  sandstone, 
^th  some  loam  intentratified ;  and  of  this  same  description  is  all 
^e  upper  half  of  this  division.     Taking  the  Tunbridge  Wells  Sand 
>B  a  whole,  near  the  place  it  is  named  from,  I  find,  on  tracing  it  west, 
^t  a  bed  of  good  stiff  clay  appears  in  it,  and  gets  thicker  and  thicker 
the  further  one  goes  in  that  direction.     ThiB  clay,  which  I  call 
''Grinstead  Clay,"  is  first  seen  distinctly  in  Penshurst  Park  and  in 
he  road-cutting  that  runs  along  the  west  side  of  it.     Here  I  mea- 
ored  a  thickness  of  17  feet  of  day,  and  1  saw  below  it  a  bed  of  white 
ck-sand;   while  the  Wadhurst  Clay  is  not  far  beneath.     Near 
in^bridge  Wells  itself  there  is  here  and  there  some  red,  rather  loamy 
ky ,  wiUi  thick-bedded  sandstone  beneath  it ;  and  this  I  take  to  be 
e   same  GrinsteadClay  thiTining  out  and  occurring  only  in  patches, 
lile  I  refer  the  lower  bed  of  rock-sand  that  I,  some  way  back, 
Ld  there  was  in  the  lower  part  of  these  sands,  to  the  horizon  of  that 
aich  underlies  the  "  Grinstead  Clay "  at  Penshurst.     It  will  be 
na.embered  too  that  I  mentioned  a  thin  varying  bed  of  clay,  some  of 
'tr^d,  resting  on  a  bed  of  rock-sand  or  thick  sandstone,  as  occur- 
D^  about  C^anbrook ;  this  is  probably  the  equivalent  of  it  too. 
ollowing  the  same  bed  westward  for  some  miles,  I  see  little  of  it 
3.  the  north,  on  account  of  the  faults ;  but  more  to  the  south  a  suc- 
^ssion  of  outliers  enables  us  to  get  a  good  idea  of  it.     North  of 
^artfield  it  may  be  20  ft.  thick ;  at  the  most  easterly  of  some  out- 
exis  that  occur  north  of  Forest  Row  it  is  30  ft. ;  at  the  next  some- 
"kat  more  than  that  is  seen,  though  the  top  has  been  denuded ; 
'bile  at  East  Grinstead  the  thickness  is  probably  40  ft. ;  and  here 
'  is  worth  while  to  look  more  closely  into  its  character.     At  the 
^T  top  of  it  there  is  red  clay,  which  is  a  very  useful  mark  by  which 
*  'ecognize  this  stratum ;  lower  down  it  is  brown  day,  or  brown 
^^e,  or  blue  shale ;  it  everywhere  makes  very  stiff  ground,  and  it 
^da  sharply  against  the  sand  that  is  below.     This  sand,  as  at  Eed- 
^y  is  ei^er  rock-sand  or  thick-bedded  sandstone,  in  a  mass  of  30 
^t  or  so  thick.  Sections  of  it  may  be  seen  in  most  of  the  lanes  about 
f^t;  Grinstead ;  but  it  is  also  shown  in  natural  sections  at  Ashurst 
'Pod  Common,  where  it  forms  lines  of  rocks.    In  other  places,  too, 
J'^ts  out  from  the  side  of  the  hill,  and  a  few  miles  to  the  south,  at 
M^ce  near  West  Hoathly  that  bears  the  name  of  '*  The  Rocks,"  it 
^^cs  two  long  lines  of  them — the  edges  of  a  projecting  angle  of 
?X^nd  between  two  deep  valleys,  that  rival  in  beauty  those  of  Tun- 
•-^ge  Wells ;  and  indeed  there  is  such  a  resemblance  between  this 
^^  the  groups  at  the  last  place,  that  almost  every  one  would  at  first 
y"    that  they  belonged  to  the  same  stratum^— an  error  that  would 
^^Mibly  be  confirmed  on  the  finding  of  a  capping  of  day  to  each  set. 
*^^^ve,  however,  no  hesitation  in  saying  that  the  two  beds  or  their 
t^^valents  aie  separated  by  a  thickness  of  strata  of  more  than  100 


feet,  TKiB  is  the  conclusion  to  which  I  taxe  eome  alW  a  rm 
detaiW  mapping  of  the  gronnd  between  the  two  localiti^  ^  sad 
the  Geological  Survey  Map,  which  will  before  long  be  publisW, 
will  show  that  the  course  of  the  beds,  though  much  intorniptd  i»y 
^ulta,  is  CO tusi stent  only  with  this  theory, — the  mms  of  the  Wadhunt 
Cky  being  not  far  below  the  rock-bed,  and  a  great  tlackne^  of  hii4 
abovo  the  clay  that  reata  upon  it.  There  is  about  30  feet  of  ««iiil 
that  is  not  rocky,  and  making  only  a  gentle  filoi«?,  bt4ijw  the  harAtf 
biHi ;  and  then  corner  the  Wadhurst  Clay.  Thei>e  chaiig^.^  of  th«  »traU 
can  be  boat  understood  by  a  ghrnee  at  the  vertical  section*  4g,  h 
p.  276,  in  which  each  of  the  rock-lieda  is  represented  by  broten  Uti€«: 
their  appearance  and  dying  otit,  and  the  r^lation«hip  of  the  dayi 
above  thorn,  will  be  at  once  (^mprehended. 

About  the  lower  beds  in  this  part  I  have  not  much  to  soy ;  ^^ 
have  changed  so  little  from  what  they  are  at  Tunbridge  Wells,    The 
Wadliuj^t  Clay  is  just  the  eaine  mass  of  cloy  and  shale  with  day-- 
ironstone  in  it  (which  stone  has  beeo  dug  a  gixwl  deel  near  £a^ 
Grijist<.^ud),  and  idth  a  little  calcareous  grit  and  sheUy  limcitone, — 
the  whole  being  from  100  to  130  feet  tliick.     The  Ashdown  Sa»A 
doe^s  not  como  much  west  of  Ashdown  Forest,  where  I  have  bcfi>r© 
described  it :    the  top  of  it  around  some  inHera  there  are  on  tti^ 
north -euflt  of  Grinetead  is  not  rocky,  but  of  the  ordinary*  thin -bedde-^ 
stone  or  else  of  looser  aand ;  there  is^  however,  a  rock -bed  lower  in  tli«^ 
sands,  ns  well  as  a  subordinate  bed  of  clay ;  in  general  character  it  t» 
just  i\s  before. 

There  is  a  gradual  dip  of  the  beds  from  Ashdown  Forest  lioth  t*^ 
the  niu-th  and  to  the  woet,  so  that  the  lower  beds  disappear  a«i  we  gr*^ 
in  either  dii-ection  ;  the  WadhurstClay  skirts  round  the  forest  and  dir^ 
down  at  alKiut  West  Hoathly ;  while  the  courwe  of  the  Grin8t*?adCl»y 
is  three  miles  or  so  to  the  wcaL    Tim  bed,  however*  is  again  reaeh*^ 
by  a  deep  valley,  along  which  the  Brighton  liailway  has  bveu  ma<i*^# 
ifxpoising  the  best  section  of  it  I  have  seen.    At  the  cnttingfii  at  tm<^?^ 
end  of  Btilcombe  Tunnel  the  Uppc^r  IHmbridgo  WelL*  Sand  m  ue;^!"^^ 
underlain  by  puride  clay  which  passes  down  wank  into  blue  hhitl*^- 
More  than  40  ft,  t»f  tlm  Urinstead  Clay  can  be  measni'cd  on  tlie  ij0r*^^ 
side  ;  and  there  is  probably  about  50  ft,  of  it  on  the  whtila ;  for  i-** 
this  cutting  the  bottom  of  it  is  not  reached  i  in  tba  southerti  ~ 

however,  the  rock  is  seen  coming  from  underneath. 


ox»4| 


Y,  N&mcnehture  of  tht  Hmim^$  ^and. 

1.  Dr.  MantdV$NmnimXatm-€* — W^o  are  now  in  a  position  to  t,^ 
pare  what  1  have  related  with  the  acoounts  of  UnMatitell,  aeid   ^^ 
dieiniws  the  qneation  of  what  names  may  be  propcf  for  theao  ^       ^  ^ 
As  I  hove  before  said.  Dr.  Mantell  makes  out  two  sands 
by  **  Tilgate  jleds/'  which  he  dcserilkes  as  sand,  cale-gritp  i 
clay,  iu  this  descending  order*     I  was  at  first  piuded  to  liit»*' 
whether  the  strata  he  met  with  hereabouts  were  the  Tunbridge  WeU*^ 
j$and  with  the  Grinstead  Cby  in  tt«  or  thi^  two  thick  aiituia  with  I 


tlna^ 


J 
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'adhuTBt  Clay  betweea  them.  Tilgate  Forest,  which  he  speaks  of  as 
le  great  locality  for  the  foesiliferous  gritstone  of  his  "  Tilgate  Beds," 
upon  the  uppermost  sand  of  all,  even  if  we  take  the  name  to  mean, 
^  indeed  it  does,  a  greater  space  than  is  so  marked  on  the  Ordnance 
ap ;  and  the  neighhouring  forest,  St.  Leonards,  is  on  the  same 
luta,  except  that  some  of  the  valleys  may  just  reach  down  to  the 
instead  Clay.  I  am  told  that  most  of  the  fossils  he  collected  came 
fom  near  Cuckfield ;  and  Mr.  Hay  of  the  Geological  Survey,  who  has 
>©en  engaged  upon  that  part  of  the  country,  informs  me  that  they 
^ere  got  from  two  distinct  heds — one  of  liiem  the  Grinstead  Clay, 
ihe  other  much  higher  up  in  the  series. 

The  sands  which  he  named  from  the  village  of  Worth,  near  here, 
Dd  placed  next  below  the  "  Tilgate  Beds,"  belong  to  what  I  have 
illed  "  Lower  Tunbridge  Wells  Sand ; "  while  the  beds  about 
&8tu[igs,  which  were  calted  "  Tilgate  "  and  "  Worth  "  by  Dr.  Man- 
Ll,  are  much  lower  down,  and  do  not  come  to  the  suiface  within 
cE^e  miles  of  these  places.  This  misconception  (which  could  hardly 
'^^e  been  avoided  without  mapping  the  country  step  by  step  between 
B  two  parts,  on  account  of  ttiere  being  no  important  break  in  the 
ries,  and  almost  no  lithological  difference  between  the  several  sands 
<i  clays)  renders  it,  I  think,  necessary  to  disuse  the  names  of  "  Til- 
t^"  and  "Worth"  Beds;  and  with  them  must  go  that  of  «  Horsted," 
lc:«n  from  quite  another  part,  and  perhaps  accurate  in  itself;  since 
^»e,  even  if  they  were  applicable  to  this  particular  neighbourhood, 
iild  not  be  used  for  the  beds  frirther  east  without  lead^mg  to  great 
istakcs.  I  will  now  shortly  say  why  I  adopted  the  names  that 
l:uiTe  been  using. 

2.  Reasons  for  using  the  Names  now  proposed, — Taking  the  eastern 
'x^  first :  about  Tunbridge  Wells  the  upper  sands  occupy  a  great 
>ace ;  they  form  nearly  all  the  hiUs  near ;  and  their  top  bed  makes 
^ose  conspicuous  rocks  that  I  have  spoken  of.  I  think,  therefore, 
^«ir  name  is  well  taken  from  that  place.     The  clay  beneath  them 

chiefly  found  in  the  valleys  about  there;  but  near  the  large 
Hage  of  Wadhurst,  about  seven  miles  to  the  south-south-east, 

spreads  over  some  tolerably  high  groxmd,  which  is  indented  by 
Series  of  valleys  that  expose  a  great  thickness  of  it,  and  at  last 
^o\x  down  to  the  sands  below;  and  its  position  with  regard  to 
^se  can  also  be  well  seen  in  the  cuttings  at  the  ends  of  the  Wad- 
^*^t  Tunnel.  I  have  on  these  accounts  thought  it  well  to  take  the 
^»*xe  of  WaMurst  Clay  for  the  second  stratum.  The  lower  sands 
^fc«  very  high  ground,  are  spread  over  a  large  area,  and  show 
'^csry  great  thickness  on  Ashdown  Forest,  which  is  the  central 
*^  of  all  the  Hastings  Sand  country:  no  name,  I  think,  can 

\3etter  for  these  than  Ashdown  Sands,  The  bed  of  clay  that 
I^^are  in  the  Tunbridge  Wells  Sand,  and  thickens  to  50  ft.  to 
^  westward,  may  well  be  called  Qrinstead  Clay,  from  its  oc- 
^*^niig  on  the  north  side  of  the  town  of  East  Grinstead,  and 
^^ing  as  large  a  spread  near  there  as  anywhere  else,  and  from 
^     relation  to  the  lower  beds  being  well  seen  in  that  neighbour- 


hood.     This  cLiy  of  coetec  diiidea  the  ssnil  mio  f^^pir  aad  Z««^ 

YI.  WmU  day  iif  Ae  N^i^kbrnfi^mtd  tf  Hm^Amm. 

I  hare  said  Umt  the  HastingB  Sand  oeci^ui  th£  oirfice  kmlW 
farther  west  thAii  Horsham,  doping  IxDesth  the  Weald  Qm  ^mmSL 
a  mile  beyond  that  town ;  in  idqsI  map^  I  he&ttt,  it  it  warn  tfr  ^^ 
some  miles  further  on,  and  the  hills  mkmat  Hoishjtro  ai«  pot  d»wii^ 
for  Hastings  Band.     This  ditfen^ce  is  dtue  to  a  cl%ht  toiflEndjcr-'^ 
standing  of  the  nntiire  of  the  ^raU  there.     Tlie  ia£  on  wHrh  tli«^ 
town  is  built  is  on  the  nppenno^l  beds  of  ^aamdgtone,  wMdi  Ue  ^"^^^r^ 
flat,  but  yet  dip  giently  to  the  north,  and  w^t^  and  somtk*    Htf  biliii 
around,  the  most  coo^iaiotts  of  which  is  that  of  1km  Perk,  oi-e- 
chiefly  of  clay ;  there  is  120  feet  in  thictmes^  of  it;  Iwt  they  in* 
capped  with  a  hard  »tratiui],  whidi  m  no  doubt  the  caiiae«f  ifksi^ 
standing  out  m  hUb.    The  beds  that  eompoeie  this  are  nM  awneip 
taken  together,  thsin  10  foet  in  dudm^sB,     They  at^  day  witb  tw^ 
or  three  layers  of  j^andstone,  which  contain  lajg«  fk^t  mflseei <tf  ml-- 
careous  grit,  just  like  what  occurs  in  the  Wadhurst  Clay-    Hiiiy 
quarries  are  dug  in  this ;  and  tlie  ripples  and  other  sppearsnti!st  d»« 
hard  stone  shows,  have  been  described  hy  if  an  tell,  Lyefl,  and  dkre*- 
This  set  of  beds  occupies  a  great  space  in  the  form  of  a  tab1(^^^  | 
slightly  sloping  from  the  edgiy  of  the  esearpment  above  H<advai  ** 
the  same  direction  as  the  dip,  the  width  bc5ng  in  one  pliCO  •»  oic^* 
as  two  miles,  and  varying  from  that  down  to  100  ysurdB.  I  should  k^^'^ 
some  hesitation  in  thinking:  that  all  this  ground  was  oC!cn|Hod  h    * 
stratum  no  thicker  than  whiat  I  bare  said,  but  that  Mr,  Hay  (whoj^* 
the  first  to  perceive  its  true  positaon)  and  myself  have  tr»c«sd  i*^ 
upper  and  lower  boundaries  for  many  nules,  imd  have  ejcamincd  (^er*^ 
section  of  it  without  findijig  any  evidence  of,  or  any  nece^ty  fe^ 
supposing,  a  greater  thieknesa  than  I  have  named.     If,  therefyi«*      ^ 
division  is  made  mto  Woald  Clay  and  Hsistings  Sand,  this  Hondu^^ 
stone  must,  at  least  for  the  north  side  of  the  Weald,  be  iadudoti  ^^ 
the  former;  for  hero  it  is  only  a  lU  ft-  bed  120  feet  up  in  the  S^^* 
and  further  east  there  is  nothing  but  day  at  the  same  horii^ ;  W-*» 
as  we  go  away  from  Horsham  in  that  direction,  the  featnre  it  ojfit"^^ 
becomes  less  important,  and  the  stone  is  little  worked,  and  f^-»"^' 
dently  thins  away ;  the  last  signs  of  it  are  at  Crawley.     BeKicd  i^^^ 
the  north  of)  the  course  of  this  bed  from  near  Hor^am  to  (?ki'«  I*']^'  ^ 
there  is  another  line  of  hill  which  might  easil^^  be  mistaken  for  t}'^  ^ 
feature  of  the  Horsham  stone ;  it  is  in  fact,  although  of  greater  alt^  ' 
tude  than  any  made  by  this  stratum ^  entirely  of  clay,  which  U  j^ 
higher  in  the  series,  the  Hori^ham  stone  mAing  a  step  prqjeetiw^ 
from  beneath  it.     The  thickness  of  Weald  day  above  the  Iwi  ^•^ 
the  stone-bed  is  very  great  indeed ;  I  reckon  it  to  be  about  500^*^ 
which  will  give  alUjgethet  000  feet  or  so  for  the  Weald  day  hff^^ 
the  same  as  its  thickness  wa3  found  to  be  in  Kent. 
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C<melu8i<m.    LUkoloffical  Characters  of  ffu  Hastings  Sand. 

ondude :  I  should  like  to  give  a  short  summary  of  the  gene- 
iracter  of  the  formation,  and  to  call  attention  to  those  points 
tudy  of  which  we  may  get  a  fdller  knowledge  than  we  now 
f  the  sources  of  the  mateiial  of  which  it  is  composed,  and  the 
ions  of  its  deposit. 

nly  divided  (as  the  Wealden  formation  is,  in  spite  of  the  ad- 
re  of  the  two  suhstances  to  some  extent  through  all  its  parts) 
ayey  beds  and  sandy  beds,  we  shall  find  in  each  of  these  certain 

that  are  worthy  of  notice.  The  cUy  is  generally  shaly, 
rd,  but  in  soft  fine  laminse ;  these  are  sometimes,  though  not 
Jly,  separated  by  an  accumulation  of  the  cases  of  Cyprides : 
inness  of  the  flakes  made  Prof.  E.  Forbes  give  the  substance 
ry  expressive  name  of  **  paper-shales."  At  some  parts,  how- 
here  is  a  mere  mass  of  clay  without  any  stratification  seen. 
TO  it  is  always  so  when  the  clay  is  of  that  crimson-red  colour, 
g  from  that  to  purple,  which  occurs  at  some  definite  horizons ; 
^  of  which,  whether  existing  so  in  the  rocks  from  which  the 
as  derived,  or  acquired  more  lately,  I  should  much  like  to  hear 
ited  for.  The  clay  strata,  as  before  said,  are  varied  with  oc- 
eJ  bands  of  calcareous  matter,  either  pure,  as  shelly  limestone, 
:ed  with  a  large  proportion  of  sand,  and  making  a  calcareous 
one.  Lastly,  it  contains  irony  matter,  sometimes  in  the  form 
oentrically  flaking  nodules  of  brown  iron-ore,  but  more  often 
Brs  of  nodules  of  clay-ironstone, 
the  sandy  beds  there  is  more  to  be  said.     The  sand  itself  is 

always  extremely  fine,  almost  an  impalpable  sand.  On  this 
it  it  bears  itself  somewhat  in  the  same  way  that  clay  does  as 
s  the  presence  of  water :  instead  of  absorbing  it  like  an  ordinary 
it  becomes  a  pasty  mass  that  can  be  moulded  like  a  very  light 
ind  this  though  it  contains  no  alumina.  In  appearance,  as 
8  to  the  touch,  it  a  good  deal  resembles  the  ''Loess"  of  the 
.  The  roads  that  are  made  with  the  soft  sandstone  are  in  dry 
er  thick  in  dust,  but  after  a  good  deal  of  rain  in  a  complete 
of  mud.  A  small  proportion  of  day  mixed  with  this,  as  it  is 
ay  of  the  loams  that  are  met  with  in  this  formation,  makes  one 
the  compound  to  be  much  more  clayey  than  it  really  is. 
imes  a  coarser  sand  occurs,  and  this  is  found  more  usefiil  for 
Qg-purposes,  from  its  having  the  quality  of  sharpness ;  and  less 
tntly  there  are  layers  of  pebbles  in  the  sand,  usually  about  the 
\  a  pea,  but  now  and  then  as  large  as  a  walnut.  I  have  found 
oarse  deposit  and  the  less  than  usually  fine  sand  generally  in 
:  the  beds  of  rock-sand.  And  here  I  would  remark  (but  I  do 
low  if  the  fact  is  of  any  import)  that  these  rock-beds  in  almost 

case  of  their  occurrence  underlie  one  of  the  beds  of  day. 
los  peroxide  of  iron  occurs  in  small  quantities  in  the  sand- 
generally  in  thin  wavy  flakes,  sometimes  more  diffused,  so  as 
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to  make  a  fornigmous  eandfttone ;  and  occaeionallj  day-lronstoQe  ia 
seen.     lignite  ia  fotrnd  in  the  mndj  beds,  dtlier  in  small  fragmenH 
scattered  through  a  eandfttono  or  loam,  or  in  a  bed,  from  s  iraedm 
of  an  inch  to  a  foot  or  more  thick,  which  does  not  eantinue  for  toij 
many  varda ;  and,  again,  there  may  be  earbonaceoiia  matter  dirfW 
through  a  layer  of  loam  or  of  clay.    Loam  occurs  in  lai^  quantitif-s 
in  the  sandy  beds ;  it  is  in  beds  some  feet  thick*  in terstra tilled  wiEl 
the  sandstone ;  the  two  aubatanoes  interchimge  along  the  saiac  etrs- 
tttiii-le%t4,  the  beds  varying  very  mmh  within  short  distsnoM,  I 
tbiiik  that  few  continue  for  lon^  of  the  aam©  character,  so  aa  to  be 
recoj^jzed.     Figs.  3  and  4  are  two  akctches  of  sections  which  siiDir 
plainly  how  the  changes  take  place,  either  by  the  thioBing  off  wf  a  M 

Fig.  3. — Section  in  the  Tunhrtfi^i  WtlUBand^  near  StramhetryM, 
Ttinhrldgt  Wtlh, 


G,  et.  Sand  in  lamina;.         k  White  Ssnditotio,  3}  fceL        ^,  e  SandiUiiw. 
Pig,  4. — Si^^i^n  in  the  AMJidown  Ssnd^  at  MivtrhaUf  n^or  Ftcnl' 


0.  Roclt-aand.        k  hoam  in  IflminiE.        c-  lSflndflton&,        *  Shalj  SMu)(taBft 


and  the  wcd^ng  in  of  a  new  one,  or  by  the  overlying  h^  h^^ 
over  its  edge  and  oecupying  what  would  bo  its  place  if  it  wtire  tca^' 
tinuc<i. 

Lastly,  the  sand  often  shows  obUqne  lamination  in  different  a*" 
reetiona ;  and  it  probably  was  aeeumnlated  in  that  way  in  otJicf 
cases  where  there  are  no  signs  of  it  from  the  deposit  being  kflno' 
geneoiiB,  llippl^,  too^  are  fretiuent,  often  well-marked^  and  «trioB| 
in  varioufl  ways. 

But  notwithstanding  tbc^e  changes,  it  holdi  good  that  ih(*  bf^ 
Trhit'h,  on  the  whole,  are  sandy,  and  the  liedA  that  are  chiefly  of  fi^f* 
lie  in  the  order  which  I  have  described,  as  represented  in  the  section  ^ 
fig.  1.  p.  270. 


.] 
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u  On  the  Pbsmiak  Rocks  of  South  Yoskshhie  ;  and  on  their 

Paljeontolooical  Kblatioks.    By  James  W.  Kirkby,  Esq. 

(Communicated  bj  Thomas  Davidflon,  Esq.,  F.B.S.,  F.G.S.) 

[Platb  vn.] 
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Durham. 
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1.  Cephalopoda.  5.  Polyzoa. 

2.  Gasteropoda.  6.  Entomostraca. 

3.  Conchiiera.  7.  Foraminifera. 

4.  Btrachiopoda.  8.  Alga^. 
V.  Distribution  of  the  Fossils. 

A.  Fossils  of  the  Lower  Limestone. 

1.  Fossils  at  Moorhouse.  I    3.  Fossils  near  Broadsworth. 

2.  Fossils  at  Hampole.  |    4.  Fossils  near  Piekbum. 
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^l.  Permian  Fossils  of  South  Yorkshire  compared  with  those  of  Durham, 
n.  Permian  Fossils  of  South  Yorkshire  compared  with  those  of  Lancashire. 
n.  Permian  Fossils  of  Ireland. 
X.  The  Zechstein. 

X  Distribution  of  the  Permian  Fauna  in  Time. 
I.  Introduction, — In  the  present  commimication  I  propose  to 
k  of  the  geology  and  paleontology  of  the  Permian  strata  that  lie 
'een  the  towns  of  Pontefract  and  Knottingley,  on  the  one  hand, 
Tickhill  and  the  village  of  Maltby,  on  the  other.  In  doing  so 
chief  objects  are,  first,  to  endcavonr  to  determine  the  equivalency 
he  sub^visional  groups  of  these  strata  with  those  of  the  adjoin- 
county  of  Durham ;  and  second,  to  throw  some  additional  light, 
ossible,.  upon  the  distribution  of  Permian  species  south  of  the 
ham  area.  Towards  the  accomplishment  of  these  objects  I  have 
[e  two  visits  to  the  district  in  question — one  in  1864,  and  the  other 
ing  the  summer  of  1859. 

W.  Sedgwick  has  already  described  the  geology  of  this  region  in 
admirable  memoir  ''On  the  Geological  Kelationa  and  Internal 
ictore  of  the  Magneeian  Limestone*."  Prof.  Phillips  has  also 
ced  some  of  its  features  in  a  short  paper  <*  On  the  Geology  of 
ly  Bridge  and  its  Vicinity,"  published  about  the  same  period  as 
precedingf.  And  since  the  publication  of  these  papers,  Mr.  H. 
ton  Sorby  and  Mr.  Edward  W.  Binney  appear  to  have  pursued 
stigations  in  the  same  district,  though  the  results  have  not  been 
liahed  ^.  Sir  Eoderick  Murchison  has  also  alluded  to  certain  points 
8  geology  in  the  last  edition  of '  Siluria§.' 
IraiiB.  Geol.  Soc.,  2nd  ser.  vol  iii.  pp.  87-124. 
Philoiophical  BCagasine,  voL  iy.  182o. 

8ee  Prot  King*s  remarks  on  Mytilus  tquamotut^  Bakevellia  antiqtto,  and 
fUmm  8orbm,  Mon.  Perm.  Fow.  pp.  100,  170, 218. 
ffiliiria(l859),pp.a48,819. 
XVII.— PART  I.  X 


vaocEBDnfoa  or  tse  geological  soaErr. 

The  contmued  researchei  tlmt  have  been  poisued  of  lute  jmm 
the  Permian  strata  of  Durham  hate  carricsd  our  knowlixlgv  ^  tjjiar 
paliDontology  and  gci»Iogy  much  in  adTance  of  that  of  the  Tenniia 
formation  of  Brilaiji  generally  ;  and  nowhere  is  the  contrast  grmUt 

than  Tvith  the  Yorkshire  i>f>rtion  of  that  formation,  more  particnIaHt 
in  regttrd  to  its  paheontology :   and  it  is  iirith  a  desire  to  sM 
something  to  what  we  already  know  of  the  Pcnuiim  stmta  c?f  the 
district  specified  that  I  make  the  foDowing  ohaenratiotis.     The  ej- 
hauBtive  investigations  of  Prof*  Sedgwick,  however,  have  left  httle  U 
add  to  the  full  account  of  the  litholog^'  of  this  di.strict  given  in  \m 
memoir  ;  so  that  I  am  obliged  to  confine  my  attention  ehieity  to  ti* 
pftlseontologj'.    It  15  a  delicat^i,  and  ccj-tainlj-  a  difficult,  mali^i^* 
notice  its  geology  at  all  after  Prof.  ?k^dj?wick  ;  and  I  only  do  m  wmt^ 
what  hrieriy  in  order  to  show  how  it  wouhi  s^^m  lN?st  to  to-GpSMba^ 
the  subdivisions  of  strata  with  those  of  the  Durham  series,  and  t»«r 
the  sakt)  of  more  fully  explaining  some  of  the  facts  reJating  fej  \b^^ 
fufiflils, 

§  II*  Permian  District  in  B(mth  ForibAtf^, -^Before  procce^rm g 
furtiier,  it  may  he  remarked  that,  in  examining  a  geologieal  mtp,tfc»<< 
Peniiinn  Ktratit  of  Yorkshire  are  seen  to  traverse  the  cicntrc  <M  tfca*^ 
county  ill  a  lon*^  naiTow  stiipo,  running  about  N.N-W*  attd  S.S.S  > 
ai>inueiitly  [ilniost  wearing  out  in  the  former  direction,  and  p^radtaJ^^ 
im^reajsing  in  width  towards  the  south  until  a  maximum  of  about  l3-*^~< 
n\il(*fi  ift  iittiiined,  at  which  width  they  eonti«ue  into  Kottiughamshir^^ 
'I'heir  western  buundary — ^most  ably  descrilwd  by  Sedgwi^-'k — iiioul^J 
forms  a  well-marked  escarpment,  often  of  comparatively  great 
lion  above  thy  low -lying  plain  of  the  eoal*mea.^ures  to  tho  wert 
Their  eastern  boundary',  wliere  they  dip  beneath  the  Triu^!<it'  irtnl 
Ls  more  difficult  of  detennination,  being  often  masked  by  aUuriam  ^^ 
marHh-land,  As  tUo  general  dip  of  the  strata  is  eaaterh%  their  uiiii*^ 
of  .sucee^wion  eaa  easUy  be  examined  by  passing  transversely 
their  outcrop.  This  I  did  i-epeatedly  during  my  iien^jnnatiun* 
this  region,  and  always  found  the  same  sefjuence  of  beds. 

SerfionJi  near  Dinira^ter. — la  gmng  "weSt  from  the  toura  of  1^] 
cowter.  which  stands  on  the  allii\iiim-eovered  westjern  edg&  cf  t^^^^ 
New  Red  t^andstone,  the  fiitst  rocks  we  meet  with  are  some  thin  Ua^^T 
beds  of  lime-atoiie,  with  oeims^ional  bands  of  red  and  green  miir^^ 
whieli,  aa  a  group,  we  readily  recognize  as  the  **  Broth erton  Bt^i^ 
of  early  geologists.     A  iter  passing  extensi\'e  quarries  of  this  Uni«'' 
Btoae  (which,  by  the  sinking  of  wells  and  otlier  artificial  e3t<5ivttti<H3*# 
is  known  to  have  a  deposit  of  marl  and  gy]5suin  at  its  b»v*c)  wo  C0oa0 
to  an  extensive  series  of  thick  and  irregular  beds  of  limc*t*me  of  * 
whitinh  or  yellowish  coh>ur  and  a  snberystalline  textiirc*    Thc«*  1«* 
form  a  gi'oup  of  much  greater  tltickness  thati  the  prccpding  mcral«*"t 
anti  are  described  by  Pn>f.  Sedgwick  under  the  name  of  thi*  *'  tW- 
grained  Dolomite.'*    Still  further  wi^fet  we  meet  with  a  seriw  of  pi*^ 
litic,  cellular,  art^ufleeous,  and  compact  limestones,  trnmi^  of  whifl*  ^ 
fussiliferoiw.     The  lower  boda  of  this  iattcr  group  re«t  imTin?iliat(  K 

*  As  at  B^mboroo^li  CliS^  Hoot«ni  Pfigiidi,  mul  «cn'nil  i^itior  ^Amt^  ^^ 
the  pruftpcirl  wefitward  b  mwit  tufl^iilceru.      
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Upon  a  deposit  of  false-bedded,  incoherent  sandstone,  which  it  is  not 
difficult  to  identify  as  the  Lower  Red  Sandstone  or  Rothliegendes. 
Beyond  this  are  the  Coal-measnres. 

There  are  several  routes  across  the  outcrop  of  the  beds,  with  Don- 
^ter  for  the  starting-point,  that  show  this  succession  of  strata.    It 
is  Well  shown  on  the  south  side  of  the  Don  on  the  road  leading  by 
Hexthorpe,  Warmsworth,  and  Conisborough  to  Hooten  Roberts,  and 
on  the  north  bank  of  the  same  river  along  the  road  by  Newton 
wid  Sprotborough  to  Cadeby, — the  numerous  quarries  on  each  route 
affording  a  good  general  section.     A  magnificent  section  is  to  be  ob- 
tained by  traversing  the  valley  of  the  Don  from  Doncaster  to  a  little 
^j'ond  Conisborough ;  and  yet  another,  and  one  of  the  best,  which 
Sir  Roderick  Murchison  has  already  noticed*,  on  the  South  Yorkshire 
fiailway  between  the  points  last-named.    In  all  these  lines  of  section 
^he  same  superposition  occurs, — and  not  only  hero  in  the  valley  and 
^^  the  banks  of  the  Don,  but  north  as  far  as  Ponte&act,  and  south 
to  Koche  Abbey,  which  are  the  limits  of  the  district  I  have  examined, 
^oi^h  of  the  Don  an  excellent  section  is  to  be  obtained  in  the  Vale 
^^  Went,  from  east  of  Little  Smeaton  to  Wentbridge;  and  to  the 
«>uth  there  is  one  almost  equally  instructive  from  Tidthill  to  Maltby. 
fVom  the  investigations  of  Sir  Roderick  Murchison  and  the  officers 
^  tte  Geological  Survey,  it  would  appear  that  there  are  some  beds  of 
'^  sandstone  and  marl  overlying  the  Brotherton  Limestone  of  this 
^i^trict,  which  also  belong  to  the  Permian  formation  t.  And,  though  I 
M-'Ve  not  been  able  to  identify  these  beds  myself,  I  include  them  in  the 
»^U.owing  list  of  subdivisions  as  the  uppermost  member  of  the  Permian 
•^rtes  of  South  Yorkshire  on  the  authority  of  these  observers. 

To  recapitulate,  then,  the  Permian  series  of  Soutl^Yorkshire  seems 
J'^I^able  of  being  naturally  divided,  in  the  descending  order,  as  fol- 
^^Mrs  (see  fig.  1)  :— 

1.  Bunter  Schiefer. 

2.  Upper  Limestone — including  the  Brotherton  Beds 

and  Lower  Red  Marl  and  Gypsum. 

3.  Small-grained  Dolomite. 

4.  Lower  Limestone. 

5.  Lower  Red  Sandstone. 

^  As  Prof.  Sedgwick  has  already  described  the  physical  geology  of 
^*Xese  subdivisions,  it  will  scarcely  be  required  of  me  to  notice  them 
^t;  any  great  lengUi.  It  is  requisite,  however,  that  I  should  give  a 
^^scription  of  these  strata  as  far  as  necessary  for  their  features  to  be 
^^derstood,  and  for  the  proper  appreciation  of  their  relations  to  each 
^ther  and  to  the  subdivisions  of  the  Permian  group  of  Durham.  For 
fuller  descriptions  I  refer  the  reader  to  the  memoir  of  Prof.  Sedgwick 
in  the  '  Transactions '  of  this  Society  for  1835. 

1.  Bunter  Schiefer. — Soft  red  sandstone  and  marl  (Murchison  and 
GeoL  Surveyors). 

2.  l^oper  Limestone  or  Brotherton  Beds,  and  Lower  Red  Marl. — 
The  Biodierton  Beds  are  a  series  of  thin,  flaggy  limestones,  usually 
hard  and  compact,  and  of  a  yellow  or  grey  colour.     The  surface- 

•  aUnrm,  p.  548.  t  Siluria,  p.  326,  and  Table  of  Strata,  p.  402. 
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planes  are  generally  a  little  apart,  and  often  coated  with  red,  greai, 
or  purple  clays  or  maris ;  bands  of  marls  similarly  coloured  are  occa- 
sionally mot  with  among  the  limestones  (Hexthorpe). 

Fig.  1. — STceUh'Sertion  of  the  Succession  of  the  Permian  Strata  m 
South  Torlcshire, 

Coal-  NnrBd 

measurec.  SandttoDe. 


/.  Bunter  Schiefer.      c.  Brotherton  Beds.      d.  Lower  Bed  Marl  and  Gypsum. 
c.  Small-grained  Dolomite.  b.  Lower  Limestone. 

a.  Bothliegendes  or  Lower  Bed  Sandstone. 

In  certain  localities  some  of  the  beds  contain  casts  of  Axinxa 
duhius  and  Myaliyxa  Uausmanni,  together  with  some  obscure  remain-* 
that  seem  referable  to  AlgcF..  ' 

The  Lower  Rod  Marl  and  Gypsum  immediately  underlie  the  pre- 
ceding beds.     They  consist  of  beds  of  red  and  variously  coloured 
marls  with  bands  of  gypsum,  are   apparently  unfoesiliferous,  and 
are  rarely  seen  in  section. 

The  sHght  importance  which  the  Lower  Red  Marl  seems  to  hol^ 
in  the  physical  geology  of  this  district,  the  absence  of  any  palsBoa-' 
tologicid  feature  belonging  to  it,  and  tiie  occasional  presence  of  le^ 
and  other  coloured  marls  in  the  Brotherton  Beds  have  induced  me  t4^ 
describe  it  along  with  the  last-named  deposit,  and  to  suggest  tfca^ 
propriety  of  considering  it  as  part  of  the  same  8ubdi\4sion.  I  4^ 
this  with  much  diffidence  and  some  doubt,  being  aware  that  such  ^ 
view  is  opposed  to  the  opinions  of  Prof.  Sedgwick  and  the  officers  cf^ 
the  Geological  Survey. 

The  Brotherton  Beds  are  well  exposed  at  Knottingley,  Womersle^ 
Hexthorpe,  Wadworth,  and  many  other  localities,  being  much  work^?^ 
for  lime-burning  and  road-repairs. 

3.  Small-grained    Dolomite. — A  crystalline,    subcrystalUne,   ^>J 
compact  limestone  of  a  slightly  yellow,  cream-coloured,  whitish  <^ 
lustrous  grey  tint.     Thicbiess  of  beds  ranging  from  3  feet   to 
1  foot  and  under.     Stratification  very  irregular,  beds  thickening  to 
maximum,  and  thinning  out  suddenly ;  it  being  almost  the  excep- 
tion for  one  stratum  to  appear  in  section  for  a  moderate  diBtaae^-' 
planes  of  stratification  curiously  pitted.    Among  the  uppermost  bedi 
occur  intercalations  of  greenish  clay  or  marl  a  few  inches  thick  ((M 
Quarry,  Brodsworth). 

This  limestone  seems  to  be  entirely  void  of  fossils,  except  inferioiij 
towards  its  junction  with  the  Lower  Limestone,  where  faint  traces  d 
them  occur  (Town  Quarry,  Conisborough) ;  and  in  these  lowest  bedi 
there  is  also  a  tendency  towards  an  oolitic  character,  that  is  nerer 
to  be  observed  in  the  middle  and  upper  parts,  though  much  hm 
evident  than  in  some  of  the  beds  of  the  Lower  I^estone. 

The  very  peculiar  stratification  of  the  Small-grained  Dolomite  ii 


I  XfBKBT — PEBMIAir,  SOUTH  YORKSHIRE.  291 

>ned  by  Prof.  Sedgwick  as  having  been  noticed  by  him  at 
f,  near  Mansfield,  and  other  places*.  It  is  a  common  charac- 
p  of  it  generally.  In  the  old  quarries  at  Warmsworth  sections 
illustrative  of  this  character  are  to  be  seen,  one  of  which  is 
ented  in  the  accompanying  woodcut. 

. — Sketch  of  the  False-bedding  in  the  Small-grained  Dolcmite 
at  Warmsworth  Quarrg,  near  Doncaster. 


different  beds  are  interwoven  as  it  were,  and  form  about  as 
s  a  piece  of  undisturbed  stratification  as  it  is  possible  to  con- 
Beds  which  have  a  maximum  thickness  of  2  feet  actually  thin 
each  direction  within  a  space  of  20  feet,  their  places  in  the 
I  being  taken  by  others  almost  equally  brief  in  continuance, 
lus  difficult  to  trace  a  line  of  bedding  for  any  great  extent ;  and 
the  traceable  extent  even  of  the  most  continuous  beds  the 
often  a  curved  one  of  great  irregularity.  Indeed  some  of  the 
5  in  the  Warmsworth  Quarry  t,  as  well  as  in  others,  are  neither 
Lor  less  than  highly  illustrative  instances  of  false-bedding — a 
ter  common  enough  in  arenaceous  deposits,  but  very  unusual 
»tones. 

ther  peculiar  feature  of  this  limestone  is  the  manner  in  which 
les  of  stratification  are  pitted — almost  as  though  worked  by  an 
Prof.  Sedgwick  likening  it  to  "  artificial  rustic  work  J."  These 
«  are  covered  as  thickly  as  possible  with  little  pits  or  hollows, 
:tend  for  ith  or  ^th  of  an  inch  into  the  limestone,  with  dia- 
of  about  me  same  measurements  (that  is,  when  largest),  their 
md  width  often  being  much  less.  I  have  little  doubt  myself 
feature  being  due  to  some  peculiar  concretionary  action,  ana- 
to  that  which  gave  the  Upper  Limestone  of  Durham  its 
able  structures. 

irchitectural  purposes  the  limestone  of  this  member  is  perhaps 
lied  in  England.  It  can  bo  obtained  in  blocks  of  any  moderate 
ys  a  texture  and  hardness  highly  suitable  for  delicato  mason- 
9  of  a  beautiful  tint,  and  will  withstand  almost  any  amount  of 
ring.  It  is  therefore  scarcely  to  be  wondered  at,  that  many  of 
»t  edifices  in  England  are  constructed  of  it.     Its  quarries 

ns.  Geol.  Soc.,  2nd  ter.  toL  iii.  p.  84. 

quarry  here  referred  to  lies  at  the  west  end  of  the  village,  and  just  toUie 
the  main  road  leading  to  Ck>ni8borough. 
Ds.  Geol.  Soc.,  2nd.  aer.  voL  iii.  p.  M, 
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of  Huddles  t  Olio  J  Bnbovcr,  StecUy^  and  Roche  Abbey  are  am&Eg^l  the 
most  femoiiii  ia  the  country** 

Its  maximum  thiclmess  mint  be  about  200  feet  or  mora    Ite 
thickness  it  would  oiJpcar  tu  attain  on  the  right  bank  tjf  tho  Bon,  a 
little  to  the  south  of  the  river*    In  other  phices  it  cannot  he  umim 
thick,  as  betweeu  Hampolc  and  the  Great  North  Road  ;  indoed,  Ik 
variability  in  tho  amount  of  sjHuee  b^stwe^n  the  (nitcimps  of  the  Bro- 
therton  Beds  and  the  Lower  limestone,  allowing  for  diiTeremce  «f 
position  in  surface,  indieatea  a  great  Tariability  in  its  thiekiiei»  in 
its  north  and  south  range*     For  this  reason,  and  on  account  flf  tti 
irregularitj'  of  bedding,  I  am  disposed  to  look  upon  it  as  having  ori- 
ginated in  a  comparativoly  shalJaw  sea.     Its  general  gtracturt*  im- 
plies the  influencG  of  currents  of  great  iiicon3tanc)%  and  altc^lher 
reminds  us  of  that  which  may  be  siipposed  to  chaiacteriie  thosi^  sub- 
marine banks,  such  as  the  "  Dogger  Bank ''  of  the  German  Omtm 
that  accumulate  in  water  of  no  great  depth,  under  the  inflaeac*  ^ 
variable  currentSj  at  some  distance  from  land, 

The  Small-grained  Dolomite  can  be  easily  examined  in  tuiiiMKfOfl* 
localties  west  of  Doncaster,  whore  it  is  woil  expc*sed  in  th©  [icta— 
resque  crags  of  tho  Don,  and  in  the  quarries  that  have  been  opriii^  ow- 
tho  banks  of  that  river*  Amongst  other  locaHtie^  may  be  natnrd  Ihm 
quarries  at  Warms  worth,  Lent  Hagg,  Cuaworth,  OutmooFp  CKiklill* 
Sprotborough,  Hoche  Abbey,  and  Brod^ worth  ;  the  cliffs  in  the  ?«l« 
of  the  Went,  and  on  the  banka  of  the  Don  east  of  Gonisbont^igli. 

Professor  Sedgwick  notices  it  as  oocurring  also  at  Maii^^oUl,  Bol- 
sover,  and  Steetly  further  south,  and  at  Huddlostone,  to  tho  north  erf 
these  localities* 

4.  Lower  LfmfStom.^Betwtmi  the  beds  just  daecribed  ancl  to^ 

*  It  should  he  remembcredi  lioweT^<?r,  that  t'TPti  thi*  limestone!,  likft  ill  t^li*^ 
rocks  of  sedimentary  fonuotioiij  requirefi  sclcetiou  :   for  ihtt?ix^-alaied  ftOkOif  l**^ 
beds  of  good  stone  art?  othefe  whidi  do  not  ^oeaesa  tlie  most  im portent  prcpl^y 
of  capabihty  to  witlifltaiul  atmospli/erif^  jkctlon.   And  not  only  so,  but  it  in  «(«<*' 
ingly  difficult  to  distingnu^h  fUiii  bod»  from  tlw^  be*t.    It  thita  bappmii  tl>*l   •^ 
certain  percentage  of  &tone  of  «n  mfiprior  tjualitj  is  often  supplied  to  tJwbiul^^^ 
along  with  a  lar^c  qimntity  of  good*  And  h  uaed  bj  liim  without  »afptciaa  ^* 
the  eyil.     I  fmw  an  iUustratioo  of  thi»  in  the  new  church  of  St  G^orgo  i*  Uof^^ 
caster,  which  ie  clufUy  bidlt  of  tlu»  lim^fltone,  where  tlid  mrfkce  of  ■*«*?  ^''^^^i 
in  the  exterior  ysas  lUruodj  in  a  atete  of  decaj  wl^n  I  rutted  it  only  oo#  f^ 
after  it  had  bt'on  opened,     Huali  of  the  itotw  tiled  in  the  erection  of  U>w  5*"^^ 
Houses  of  Pnrliament  h  from  qwarric*  (Huddleitoa^  mid  BoUovcr)  of  tkt  SroiJ^ 
grained  Dolojnite ;  and  it  would  seern  ai  if  «touea  from  its  worst  bcd>  lj*l  I ^^^ 
supphed  rathpr  extoufttTely*     For  I  cfumot  think  that  stone  from  il#  beat  1 
would  ever  hare  shown  such  mgnM  of  daoay  ne  it  is  aiserted  thf^  fftone  of  the  rffi 
front  of  the  palnco  &ln?iidy  ^howt,  ©Ten  if  we  allow  tJie  atinospliere  of  Ibc  r 
tropolis  to  be  vorj  deleterious  indeed.  And,  tiotwithfitandbg  all  tlit^  obUMuy  t 
has  been  thrown  upon  tht*  parliamentiiiy  comTOiflsion  oppomted  iQ  m^si  ^**^ 
building-stono  for  fixing  upon  a  magnoaian  limeetone,  and  this  m  particiUar,  th^fl"^ 
can  be  no  doubt  they  were  ri^ht  in  their  choioe^the  fault  not  botpf  in  the  i^>i»*^ 
chosen,  but  appdrcotly  m  the  neglect  of  the  uiThit4X't  in  u0t  seeing  that  tl  w^J 
taken  firom  the  right  beds.    To  obtaLn  a  good  supply  of  utonc  of  untfoms  f*'** 
quality,  it  is  necessary  to  appoint  pottic  ontr  al  the  quarry  to  select  th*  bidito*"^ 
worked,  and  to  see  to  the  hooeety  of  the  eontraetor  or  qnarrynian  in  voiHclif  <^^ 
those  selected,— tlijti  only  diffieiilty  b^iit^  the  requifiit^*  knowbdgv  In  dtfoi^ 
which  are  the  eiuperior :  and  ihh,  I  c^MJinnv^^  it  nitliui'  1^  be  iitUUiradbi:  Umgf 
tical  experience  than  from  expei'imcititf  in  tli«  Ubonbloi>y. 
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^thliegcndes  is  a  series  of  limestones  of  various  characters  which 

^^y  be  conveniently  grouped  as  the  Lower  Limestone.    Some  of  these 

^^  oolitic,  pisolitic,  and  nodulous  (Brodsworth,  Moorhouse,  &c.) ; 

^^^^  beds  may  he  termed  pol3rzoan,  heing  almost  solely  composed  of 

"^S^enta  of  Polyzoa  (Brodsworth,  Cadeby,  <fec.) ;  others  are  cellular 

■'*<'  onstratified  (Pontefiract);  and  others,  again,  are  compact  (Hickle- 

^f  Oonisborough,  &c.),  or  arenaceous  (Bag  Hill,  Pontefract,  Bam- 

borouglx  Cliff).  Perhaps  there  is  no  single  section  of  the  Lower  Lime- 

^ne  that  shows  the  whole  of  these  beds,  though  by  examining  a 

iniJe  or  two  of  the  escarpment,  or  a  few  transverse  sections  of  the 

liniestoTio  west  of  the  Small-grained  Dolomite,  limestones  of  all  the 

^^""■actcrs  mentioned  may  be  met  with,  besides  others  that  are  more 

)r  less  modifications  of  these.    In  the  vicinity  of  the  Don  the  upper 

[ortioxi  of  this  subdivision  is  a  soft,  thick-bedded,  yellowish,  oolitic 

imcstone, — the  roc-like  grains  being  in  some  beds  intermixed  with 

fw^foXarly  rounded  concretions  as  large  as  peas,  and  in  others  with 

oncretionary  nodules  an  inch  or  more  in  length,  it  being  not  un- 

pranxon  to  find  the  same  stratum  oolitic,  pisolitic,  and  nodulous. 

>evernj  species  of  fossils  occur  in  these  beds,  generally  as  casts.     A 

itUe   lower  dpwn  are  some  thick  beds  equally  as  soft  as  the  former, 

uackx    are  chiefly  composed  of  comminuted  Polyzoa,  principally  of 

Jj®  ^iKscies  Acanthocladia  anceps.     Beneath  these  and  immediately 

^^^     the  sandstone  are  other  beds,  which  are  thinner,  darkcr- 

MouircKl,  and  more  compact,  or  rarely  earthy.     Numerous  remains 

^  *  ^"^w  species  of  fossils  occur  in  these  beds,  but  often  most  imper- 

^y    preserved  *. 

"^  «:>ther  places  more  to  the  north,  especially  about  Pontefract  and 
'  '^^^ntbridge,  the  upper  part  of  this  subdivision  is  soft,  yellowish, 
^^■T>hous,  and  full  of  irregularly  shaped  sparry  cavities.  Under  it 
^  **^^me  thick  beds  of  a  harder  limestone  in  which  are  immense 
^*^%itie8  of  Gervillup.  (casts).  Below  these  are  some  thin  strata  of 
"^^  compact,  pisolitic,  and  arenaceous  limestones,  charged  with 
J®  ^tNemains  of  Axinus  duhius  and  OervilUa  aniiq^ui.  These  latter 
^^  ^re  seen  to  rest  upon  the  Rothliegendes  at  Bag  Hill,  opposite  to 
J^'^'^ret  Castle,  where  they  become  arenaceous  and  almost  graduate 
*?^^»ndstone. 

*^*^e  junction  of  the  lower  beds  of  limestone  with  the  Rothliegendes 
P^^Vdc  seen  to  great  advantage  in  several  sections  in  and  about  Pon- 
^^ct,  as  Prof.  Sedgwick  has  pointed  out.  It  can  be  well  studied 
^^>ction  to  the  south-west  of  the  town  in  some  road-cuttings  and 
^•^nies,  particularly  in  one  on  the  Carlton  and  Ack worth  road, 
^^^ther  interesting  section  is  to  be  seen  in  an  obscure  old  quarry  on 
^  escarpment,  just  above  the  pretty  little  hamlet  of  Carlton,  where 
^  lowest  limestone,  which  is  cellular,  void  of  stratification,  and 
^trged  with  a  few  badly  preserved  fossils,  rests  upon  an  irregular 
^^ace  of  the  sandstone,  the  latter  being  yellowish,  moderately  hard, 
^^  falBe-bedded.    The  lowest  limestone  in  this  instance  appears  to 

■^^  Prof.  Sedgwick  deecribes  the  most  characteristic  of  these  beds  in  section  ix. 
J^  ^  "^QretA  Middle  Denoeit  of  Yellow  Magncsian  LimoBtone/'  Trans.  Geol. 
^'^Ci^  aid  icr.  voL  iii.  p.  93. 


,.  «w^    iiicTcascs  in  (luiiiitity  to 

(lisa])|)( 'firing,  and  fresh  bc*^ls  of  lim( 
Till'  beds  of  limestone  immediately  a 
of  u  brown  colour,  compact  in  texti 
Ax-inus  duhius  and  Get'villia  antiqui 
foct  of  tho  section  and  are  superimpc 
stone  about  6  feet  thick,  full  of  thi 
massive  beds  follow,  some  of  which  ai 
are  some  thinner  b<^  of  soft  and  fri 
of  Oervillue. 

On  other  parts  of  the  escarpment, 
Rothliegendcs  is  covered  by  some  thici 
a  compact,  subcrystalline,  or  oolitic  c 
several  species  of  fossils,  among  othc 
But  in  this  section  the  oolitic  bedjs  of  tl 
the  sandstone  than  in  other  places  to  tl 

Another  section  showing  the  two  depc 
on  the  escarpment  between  Hooten  Pa^ 
series  of  thin-bedded,  hard,  crystalline, 
a  brown  colour  are  seen  to  rest  immedif 
which  is  here  soft  and  very  incoherent, 
stones  rather  resembles  that  of  the  Brot 
of  similar  thickness  and  hardness  as  t 
section  of  the  Lower  Limestone  it  certa 
any  other  that  I  met  with  on  the  cscar] 
Yorkshire  t- 

Viewing  the  Lower  Limestone  as  a 
more  inconstant  in  structure,  composii 
than  any  of  the  other  subdivisions  of  ♦ 
noticed  «"«'»-  ^ 
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od  Dolomite  in  the  third  subdivision  or  ''  Great  middle 
'ellow  Magnesian  Limestone  *  "  of  Prof.  Sedgwick.  Some 
inferior  appear  to  be  placed  in  his  second  subdivision, 
date  and  thin-bedded  and  nearly  compact  limestone  t". 
lie  remains  of  this  subdivision  possess  considerable  inter- 
nowledge  of  the  distribution  of  the  Permian  fauna  in  this 
ist  solely  based  upon  them,  there  being  but  three  spedes 
oahire  list  that  range  beyond  its  limits.  The  state  of 
L  of  the  fossils  is  generally  as  casts,  it  being  exceedingly 
)t  with  examples  in  a  more  perfect  condition.  Their 
indance— at  least  of  certain  species — on  some  horizons  has 
d  to  in  the  cases  of  Wentbridge  and  Brodsworth.  And 
)  may  judge,  this  abundance  extends  over  comparatively 
IS ;  for  in  the  case  of  the  Gervillia-bed,  which  occurs  so 
ntbridge,  I  have  traced  it  over  a  distance  of  twelve  miles, 
L  it  also  at  Pontefract  (Bullhill  Quarry),  Emsall,  Hooten 
)dsworth,  Hickleton,  and  Bamborough  Cliff.  The  polyzoan 
not  traced  so  flax ;  but  they  are  to  be  found  at  Brodsworth 
Quarry),  Hampole,  and  Cadeby.  Further  particulars  of 
>f  this  member  will  be  given  in  another  part  of  the  paper, 
proximation,  120  feet  may  be  given  as  the  probable  thick- 
Lower  Limestone ;  it  being  questionable  whether  it  ever 
t  estimate,  though  scarcely  so  as  to  whether  it  sometimes 

other  localities  affording  good  opportunities  for  studying 
beds,  may  be  mentioned  the  numerous  sections  alluded  to 
dbourhood  of  Pontefract,  which  illustrate  the  cellular  and 
forms  of  it ;  and  the  quarries  at  or  near  Brodsworth, 
BEampole  Stubbs,  Emsall,  Conisborough,  Cadeby,  Moor- 
»ten  Pagnell,  and  Hickleton  the  boHtic,  polyzoan,  and 
ds. 

iegencUs  or  Lower  Bed  Sandstone. — ^A  deposit  of  yellow, 
»r  variegated  sandstone ;  fine-grained,  or  rather  coarse  in 
I  irregular  structure,  false-bedding  being  common ;  and 
IcienUy  firm  to  form  a  soft  building-stone  in  some  locoli- 
&act,  Bamborough  Cliff,  and  Wentbridge),  yet  often  very 
coherent  (Wentbridge,  Moorhouse,  and  Hickleton). 
er  Eed  Sandstone  of  South  Yorkshire  differs  litUe  from 
rham,  except,  perhaps,  in  being  a  little  more  coherent  and 
Dd.  And  in  no  case  have  I  observed  any  decided  instance 
oformability  to  the  overlying  limestone,  though  it  is  not 
f  to  say  whether  it  is  conformable  or  not,  its  stratification 
3ct  to  such  irregularities.  There  is  no  section  on  that 
the  escarpment  I  examined  that  affords  much  support  to 
L  of  those  who  would  separate  it  from  the  Permian  strata 
of  its  unconformability  to  them — ^rather  to  the  contrary, 
osit  is  so  well  described  by  Prof.  Sedgwick  that  I  would 
)ct  attention  to  his  remarks  on  it  than  attempt  further 
.  It  is  easy  of  examination  along  the  escarpment  in 
Seed.  Soc.,  2nd  bop.  vol.  iii  p.  81.  f  Loc.  cU.  p.  79. 
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South  Yorkshire ;  and  it  ia  nowhere  better  ex]KH8ed,  nor  mot^ 
teristically  developcid  than  ab*:>ut  Ponk^fract  •,  In  qtmrmi  on  d» 
north  and  west  of  that  town  it  is  vorked  as  a  building-ntotie*  biiiif 
of  about  similar  coherency  as  the  equivalent  beds  in  thi?  vicmity  d 
South  Hbicldfl,  which  are  likewise  used  by  the  builder.  Xmm^ 
other  localities  on  the  ejscitipment  wouth  of  Pout45fract,  may  be  nmoid 
those  at  Carlton,  Wentbiidi,^^  Hitmpole  Stubba,  H<K>rhoU4t%  Hteklft-^ 
ton,  Bamborotigh  Cliff j  Cadeby^  dro, 

§  IIL  Companion  of  iJu  F^rmiait  Straia  of  SoHlh  ForJbAjW  mdk 
those  of  Durham.^ Haying  now  given  acme  detaik  iUustrativp  of  thti 
characters  of  the  subdivisions  of  the  rermiiin  seric*  of  South  York- 
shire,  it  will  be  of  interest  to  attempt  their  co-ordiimtion  with  the 
subdivisions  of  the  ot|mvalent  stories  of  Durham, 

Comnieoeing  at  the  base,  we  have  the  lower  red  sandstone,  ih 
equivalcniiy  of  which  with  the  lower  red  sandstone  of  Darhwu, » 
well  as  with  the  typical  IlothlicgendoM  of  Grermanv,  has  been  so  Itai* 
known  to  geologista  as  not  to  reijuire  f*x>^cia!  pointing  out*  IndeaJ  thi 
researches  of  Prof,  Sedgwick  clearly  show  th^  Yorkshire  and  Durbso 
beds  to  bo  portions  of  one  deposit,  in  all  probability  yet  eontinuuoi. 
We  have  thus  contemporaneous  subdivisions  at  the  base  of  f«S 
series.    If  we  -pnm  on  to  tho  Broth ertou  beds,  the  highest  calmreiiai 
member,  we  find  that  it  ngre<»  in  position  with  the  upper  hnie?tirt» 
of  Durham,  and,  besides,  that  it  is  clmmcterixed  by  the  same  fo*^*. 
and  by  a  similar  paucity  of  them.     For  these  reiisons  I  look  uf«ii 
the  Brothertou  beds  as  the  equivalent  of  the  upper  limestone »  Uitig 
fully  persuaded  that  such  agreements  could  not  have  occumcd  ^     . 
deposits  of  different  periods.     Thus  we  have  the  lower  limci^tonp  s^^ 
small-grained  dolomite  confined  between  two  determined  hori»^o^ 
with  tho  marl-slate,  compact  limestone,  and  shell-  and  cellnjar  lijiw 
stone  of  Durham  as  equivalents^     Of  these  1  look  upon  the  lo*^' 
limestone  as  being  parallelized  by  the  marl-slate  and  compact  hin<^ 
stone,   and  the  small-gmined  dolomite  by  the  shell  and  celliil*' 
limestone.     Tlie  marl -slate  hm  no  special  representative  in  Yofl^^ 
shire.     And,  t)iough  it  is  possible  that  ite  depociitioii  may  haTp-e.  ^*^^^ 
ceded  the  commencement  of  that  of  the  lower  Umejttone,  1   ^^ 
nothing  that  leafls  me  to  su^Tpose  that  it  did.     Tn  cla*?iing  it  as  tJ^ 
equivalent  in  part  to  that  Yorkshire  member,  I  rely  upon  the  fec^  *** 
its  being  the  commencement  of  calcareaiiii  beds  in  the  Durham  aeri^^ 
just  as  the  lower  limestone  is  in  the  wrics  of  Yorkshire,  and  on  th^ 
probability  of  the  accumulation  of  arenaeeKOus  sediment  having  In?** 
consummated  and  that  of  calcareous  sediment  begun  about  tlw  i*fl^ 
period  in  both  regions.     It  is  the  compact  limes tane*  however,  tl*** 
is  to  be  considered  as  principally  equivalent  to  the  lower  UuM^Ttine 
In  regarding  the  shell-  and  eellular  limestone  of  Durham  ^  ^y 
equivalent  of  the  small-grained  dolomite,  it  may  be  ahjwted  thnt 
the  great  difference  that  exists  in  their  palaxintologieal  featimia  ^ 
opposed  to  such  an  identification.  To  this  I  wotild  reply  that  the  ^(' 

♦  The  fine  drarp  eoil  in  which  the  pdppK*  of  Potinfrit  f^ifW  ihr  liqiWffK^^'W'* 
to  maniifiicf  I  ire  i  ho  "  Pom fit4  Tokce /*  for  tt-Hcb,  flifiong  otlwT  thinp^  iiim  ***" 
ifl  BO  famow^s  «ecms  to  be  krgdy  couj|io6cd  of  liic  diibrit  of  Ihit  tu^ulj«r. 
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16  of  distribution,  similar  to  the  differences  seen  in  the 
of  marine  life  in  recent  seas — the  bottoms  of  which,  we 
tiany  examples  of  great  irregularities  in  the  distribution 
IS  forms  of  life  that  people  them.  To  conclude,  we  have 
Schiefer  of  Yorkshire  apparently  parallelized  by  some 
little-understood  beds  of  red  sandstone  which  occur  in 
Bst  portion  of  the  county  of  Durham,  superior  to  the 
bone,  and  which  have  been  classed  by  Mr.  Howse  *  as 
ler  the  name  of  Lower  Bunter. 

g  at  these  conclusions  I  have  chiefly  been  guided  by  the 
tions  of  the  subdivisions  of  each  series.  Indeed,  in  this 
th  such  differences  in  the  palaeontological  and  structural 
the  subdivisions,  vertical  position  is  almost  the  only  test 
used  in  attempting  to  parallelize  them ;  and  in  series  of 
thcr  in  portions  of  the  same  series  so  littie  apart  as  the 
3d,  vertical  position  would  seem  to  be  as  good  a  test  as 
old  be  used.  I  would  also  observe  that,  in  regarding 
to  be  equivalents,  I  also  consider  them  to  be  of  con- 
is  deposition.  Thus  the  Brotherton  Beds  and  Upper 
Lot  only  represent  the  last  deposition  of  calcareous  sedi- 
h  area  during  the  Permian  era,  but  are  looked  upon  as 
rj.  It  is  not,  of  course,  supposed  that  the  accumulation 
menced  and  ceased  at  exactiy  the  same  periods  in  both 
that  the  bulk  of  each  subdivision  was  synchronously 
[^See  the  Tabular  Vieiv  of  the  Permian  Strata  of  Durham 
rorJcshire,  p.  298]. . 

narArs  on  the  Fossils. — I  now  proceed  to  notice  the  species 
with  m  this  district. 

Cephalopoda. 
8  Freieslsbsni,  Geinitz,  Neues  Jahrbuch,  p.  6379  pi*  11. 

Bowerbankianus,  King ;  and  N.  Theohaldiy  Geinitz. 

'  a  body-chamber  of  a  young  individual  of  this  species 
Brodsworth.  It  is  rather  less  than  half-an-inch  long,  is 
e  compressed  medianly  than  Durham  specimens  of  simi- 
I  shows  traces  of  a  shallow  median  sulcation. 
he  only  Cephalopod  I  have  met  with  in  Yorkshire ;  but 
quotes  it  from  Aldfield,  Yorks.  (in  the  cabinet  of  Prof. 

Gasteropoda. 

[SLiciKus,  Schlotheim,  Petrefactenkunde,  p.  161. 

irho  Mancuniensisy  T.  minutus,  and  Rissoa  obtusa,  Brown  ; 

ma   Tunstallensisy  Howse ;    and   Turbo   TJiomsonianus, 

wn  specimens  of  this  species  in  Yorkshire  have  Ave  whorhi, 
mt  one-sixth  or  one-fifth  of  an  inch  in  length.    At  Ham- 

*  Ann.  And  Mag.  Nat  HUt,  2nd  scr.  xol.  xix.  p.  34. 
t  Mon.  Perm.  Foss.  of  England,  p.  220. 


208 


FlU)CEXl>Ilf08  OF  THS  OBOLOdlCAL  SOaKlT^ 


[iLif.a, 


I 


^ 


•I 


o 
n 


W 


4d 

I 


If 


•J 

I* 


I 


i  Jg 
I 


I 


s 

hi 

1-3 

31 


I- 


i\ 


r 

I 


f 

\ 

•9 
I 


.]  KIRKBT — TJSBMIAS,  SOUTH  YOBKSHIBE.  299 

inmoDBe  quantitieB  of  young  and  probably  rather  dwarfed  spe- 
IS  are  to  be  had,  some  portions  of  the  limestone  being  literally 
f  them ;  and  as  all  these  specimens  are  testiferous,  and  many 
em  in  a  perfect  condition,  they  have  afforded  me  a  good  oppor- 
y  for  studying  some  of  the  variations  of  form  and  character  to 
1  this  species  is  subject.  The  following  remarks  are  therefore 
r  based  upon  these  materials. 

je  conmion  form  is  usually  as  wide  as  long,  with  a  large  body- 
1,  a  shorty  depressed  spire  (which  occupies  less  than  half  tike 
s  length),  and  a  large  umbilicus.  The  whorls  are  ventricose  and 
r  flattened  behind ;  the  body-whorl  increases  rapidly  and  has 
irominent  central  ribs,  bounded  on  each  side  by  others  of  less 
gth,  which  characterize  the  species ;  the  apex  is  obtuse ;  the 
uro  orbicular  with  a  slightly  reflexed  pillar-lip. 
iny  of  the  specimens  are  proportionally  longer  (the  spire  being 
D.  out  a  little  and  the  body- whorl  of  less  width),  and  have  the 
Is  rounder  and  the  spiral  ribs  of  uniform  strength. 
.other  variety  is  without  spiral  ribs,  or  with  very  faint  indica- 
of  them,  and  has  the  whorls  somewhat  shelving  behind,  most 
Lncnt  a  little  below  the  median  line,  and  well  rounded  in  front, 
a  narrow,  flattish  region  boundiag  the  suture. 
ere  are  numerous  intermediate  forms  that  are  more  or  less  mo- 
tions of  the  three  noticed,  whose  differences  they  serve  to  con- 
by  numberless  slight  gradations.     This  is  strikingly  the  case 

tlie  differences  ol^rved  in  the  strength  of  the  spiral  ribs,  it 
;  possible  to  form  series  of  specimens  showing  their  gradual  obli- 
Lon ;  and  so  it  is  with  the  differences  seen  in  the  size  of  the 
,  and  with  those  of  the  rotundity  of  the  whorls.  Indeed,  it  is 
at  easier  to  pick  out  specimens  showing  some  slight  differences 

specimens  which  show  none. 

le  Hampole  specimens  invariably  have  a  more  obtuse  apex  than 
)  of  Durham,  the  first  and  second  whorls  being  flatter  compared 

the  succeeding  ones. 

le  generic  position  of  this  species,  like  that  of  several  other  Per- 
i  univalves,  ia  still  somewhat  uncertain.  It  has  been  placed  in 
W> ;  and  its  general  resemblance  to  the  shells  of  that  genus  in- 
8  me  to  allow  it  to  remain  there.  Its  resemblance  to  Littorina, 
hich  it  has  also  been  referred,  is  perhaps  almost  as  great.  And 
I  only  right  to  mention  that  the  operculum  of  thiis  sheU  has 
T  been  found,  which  is  better  explainable  on  the  supposition  of 
!>eing  homy,  like  that  of  Littorina,  than  calcareous  like  that  of 
ho.  There  is,  however,  no  instance  on  record  of  the  operculum 
ny  of  the  Permian  Gasteropods  having  occurred  in  England  or 
nany. 

oe.  Pontefract,  Hampole  Stubbs,  Moorhouse,  Pickbum,  Brods- 
th,  Gomsborough,  and  Bamborough  Cliff.  Taken  by  Prof. 
priek  between  Marr  and  Hickleton* ;  and  by  Prof.  Phillips  at 
ieldt. 

*  TraoB.  Qeol.  Soc.,  2iid  ler.  vol  iiip.  118. 
t  Mod.  Perm.  Few.  of  England,  p.  205. 
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3,  RissoA  LKrcTin,  Brown,     PL  Til,  figs.  1-6, 
E,  Laqhl,  Brown,  Tranfi.  Manebeflt.  OecL  Soc.p  t^,  L  p.  64,  ]i  ff. 

Sjfus,  Emoft  Gihsont  and  7^-  ptmli/ir  Brown, 

Typical  specimens  of  thia  minnte  Bpceios  are  ovately  oonic^  m  ff- 
nerd  form ;  with  four,  or  rarely  five,  flatly  convex  smooth  whnriB, 
that  increase  qiik-kly  in  length  and  width,  and  whieh  are  dividd  k 
a  deepish  and  elighfly  ohlique  Butui'c,  One  half  of  the  length  i*  oc- 
cupied by  the  body -whorl,  which  has  a  wcU- rounded  basal  dop*; 
the  &]iirc  ia  conical,  with  rather  a  blunt  apex.  The  apertuw  ii 
nearly  oval  and  of  moderate  size,  the  outer- lip  being  strcmgly  annsle. 
the  pillar-hp  somewhat  curred^  and  reiieetedj  with  a  slight  tmilalialj 
chink  behind  it. 

Length  -i  inch ;  breadth  -^, 

There  are  other  speeimena  almost  obovate  In  form,  with  wn^es 
T\'horls,  more  depressed  spire  and  obtuse  apex.  Otheis,  agiiin,  k^e 
large  body -whorl,  rounded  whorU,  and  also  an  obtuse  apcit. 

An  examination  of  a  type  specimen  of  RiSfoa  Gi^mmi  fmm  i 
I.ancashire  Permian  beds  (kindly  lent  me  by  Mr.  Binney )  has  Id  i 
to  place  that  species  along  with  the  one  I  am  noticing,  of  whiei 
seems  to  Ix?  but  an  enlarged  form, 

ITie  TrocMs  ptmUm^  Oeinit^^  of  the  TTnter  Zcehsti^in,  ia  a  l 
form,  but  undoubtedly  diatLnct  from  the  present.     Bo  it  wouM  i 
pear  is  the  Turbit  PermlamiX,  Kingj  of  the  Shell-limeBtoneof  l)u 

Eissua  Leiijhi  has  only  occurred  to  me  at  Hampolc,  when^  itbn 
rare  in  the  beds  containing  Turbo  helteintjuf^     It  b  found  in  |^ 
plonty  in  the  Permian  marls  and  limesU^neja  of  Coly burst  nmrlln 
Chester**     Tt  hm  also  been  met  with  under  it*  Gt^nl  form  by  F 
King,  at  TuUycoaneUt. 

4,  TTiaarrKLLA  ALTKiffaUBOKNSis,  Geinitz,     PL  VU.  figs.  9, 10, 
TtirhouiUa  Altenhurgaisra,  Geinitz,  Vexstein,  deut.  Zeeh.  p. ' 

tab,  iii,  figs.  0,  10, 
Syns.  Lo.ronema  famai^.  King ;  L*  Griniisinnftt  King ;  Ttmtt 
PkiUipsii^Kowse;  T.  Tunsialhnm$f  Howse;  ami  Rif^a^  gra^^ 
8cbauroth, 

Specimens  of  a  minute  tnrreted  iheU  are  not  rare  in  the  1 
Limestone  at  Hampole,     like  the  individuals  of  other  Qa»U 
from  this  locality,  they  are  evidently  young  ineUnduak,  and  i 
what  stunted  in  giowth. 

These  specimens  are  minute^  turreted,  and  smooth*  Th*y  b*** 
only  ^VG  whorls,  rarely  six,  whicK  increase  gradually  in  kngt^*  i»^ 
somewhat  quickly  in  breadth.  Tlie  whork  are  ventriciD«e  and  fqu^^f  1 
rounded ;  the  suture  is  deep,  rrither  wide,  and  oblique.  The  b^-  J 
whorl  is  about  as  long  as  one- third  of  the  entire  length,  ThiyrB 
ture,  which  occupies  rather  more  than  one-foiirth  of  the  ]eQ|P^1 
the  shelly  is  obovate,  being  rounded  behind  and  rather  pivdiic«d  a  ~ 

*  Mcsare.  Bina<ry  and  Brown  in  TraiiB,  Mauob.  Gaoh  Sci^,  rol.  t  p.  53?  ■*' 
Prof  King  in  Mon.  Pterm.  Fom,  of  Enttlimd.  pp.  2fK\  30tt, 
t  Jouni.  Owl.  Scxv  of  DublJn,  vol  vii. 
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it ;  the  outer  lip  is  strongly  convex ;  the  pillar-lip  is  slightly 
vex,  and  a  little  reflected ;  behind  it  is  a  very  minute  umbilicus 
ich  in  some  specimens  is  scarcely  obseryable. 
Length  ^  inch ;  breadth  ^  inch. 

In  the  adjoining  quarries  of  Moorhouse  and  Hampole  Stubbs  other 
ddmens  of  what  is  evidently  the  same  species  occur,  twice  or 
ice  as  large  as  those  just  described,  and  with  a  greater  number  of 
lorls.    These  specimens  are  always  in  an  imperfect  condition. 
Fhese  Yorkshire  TurritellcB  agree  very  well  with  Geinitz's  figures 

I  description  of  TurhonUla  AltenburgensiSf  their  general  width, 
haps,  being  a  little  less  compared  with  their  lengtii.  They  also 
y  much  resemble  the  specimens  found  by  Prof.  King  in  the  Tully- 
nell  limestone,  and  referred  by  him  to  this  species.  There  is  a 
ch  greater  difference,  however,  between  them  and  the  TurriteU<p 
the  Shell-limestone  of  Durham,  as  there  also  is  between  the  latter 
L  those  of  Germany.  The  Durham  examples  are  much  more  finely 
doped,  ranging  fh)m  half-an-inch  to  an  inch  in  leng^,  and  with 
OQ  8  to  12  whorls;  their  aperture  is  also  different,  being  more 
rulate  by  the  greater  straightness  of  the  pillar-Up.  Still  I  think 
1:  the  Durham  specimens  may  likewise  belong  to  this  species,  their 
'erences  being  such  as  we  may  easily  suppose  to  be  due  to  their 
lier  state  of  development.  I  do  not  wish  to  assert  this  opinion 
;li  much  dogmatism,  though  it  seems  the  most  probable  to  me : 

I I  would  add  that  it  is  in  a  similar  spirit  that  I  class  with  this 
Hdes  the  various  forms  indicated  by  the  synonyms  at  the  head  of 
^«e  remarks.  It  is  my  opinion  that  the  whole  of  them  are  refer- 
ee to  the  present  species — ^it  apparently  having  the  right  of  pri- 
ty ;  and  this  is  also  the  opinion  of  other  Permian  palsDontologists, 
tose  views  are  of  more  worth  than  my  own*.  Still  it  should  be 
icnowledged  that  the  question  is  one  of  some  difficulty  and  not 
^y  of  solution ;  and  that  there  is,  even  yet,  much  to  be  said  in 
^ovii  of  the  specific  distinction  of  some  of  the  forms  here  included 

synonyms. 

Chemkitzia  Roesslbri,  Geinitz,  Jahres.  Wetter.  Gosell.  1850-51. 
Syn.  Loxonema  Swedenborgiana,  King,  Mon.  Perm.  Foss.  p.  210. 

A  single  impression  of  a  fragment  of  this  species  occurred  at 
impole  Stubbs.  The  specimen  shows  five  whorls  strongly  ribbed 
jisversely.  It  is  about  ^th  of  an  inch  in  length.  The  apex  is  not 
)wn,  neither  does  the  largest  whorl  of  the  impression  appear  to  be 
it  of  the  body-whorl.  Nevertheless  the  specimen  possesses  sufli- 
nt  character  to  allow  the  species  to  bo  determined, — the  form  of 
i  whorls  and  their  transverse  ribs  being  unmistakcably  those 
C.  Boessleri. 

Fhis  species  is  found  also  in  the  Unter  Zechstein  and  in  the  Shell- 
leetaoB  of  Durham. 

See  Ifr.  Howie  on  T.  Alienhurgenth  in  Ann.  and  Ma;^.  Nat.  Hist.,  2nd  ser. 
.liz.  pp.  446-448;  and  Baron  von  Schauroth  in  Zcitaclir.  d.  dent.  Gesell. 
4$,  pp.  m-244. 
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6,  Strapaeolujs  Fbeklous,  King,  Moil  Pfiitn,  Fo».,  pv2n,  pi  17- 

I  procured  live  or  dx  spt  dmena  of  thia  epecien  at  Hampole.  Ttey 
are  iis  large  as  the  Durham  axainpleB,  and  have  thr^e  mucli  eam- 
pressed  and  rapidly  increasing  whorU,  a  la^sge  body-wharU  And  t 
filiglitly  clcvaU^d  spire.  In  the  latter  vmpefsi  the>*  differ  somifiy 
frt>ni  tho  majority  of  the  Durham  specrimenB,  in  which  the  «|iifp» 
though  still  low,  IB  higher,  as  it  also  is  in  examples  from  ^  Ustir 
Zechstein  of  G<5nnany.  All  the  spocimens  are  deeply  m4  Ui^j 
umbilicated,  and  have  apparently  a&  alinoot  orbicular  apertUR. 

7,  Natica  mikima?  Brown.    PL  VU-  figs.  7,  8. 
Natim  minima,  Brown,  Trans-  Munich.  GeoL  8oc.,  toL  i*  f*  6i 

pL  6.  figs.  22,  23,  24, 

Three  Bpeciraons  of  a  smooth  sheE  with  thi^ee  whorls  liAve  oc- 
curred to  me  at  Hampole,  They  mo»t  nearly  resemhlts  Lb?  .W» 
minima  of  Brown.  The  whorls  are  ventriccue^  rather  «Uii|»i*!,  fii^ 
tened  behind  and  rounded  in  front ;  the  body- whorl  i*  ttsrf  lap, 
aud  the  spire  short ;  aperture  apparently  subovaly  onter-Up  «aifS; 
pillar-lip  nearly  straight, 

Tbc  condition  of  these  epedmens  is  not  sudr  as  wiU  allow  m^ 
speak  positively  in  thus  referring  them  to  thi^  species,    Uor  a»ii* 
Hgures  and  description  given  by  Capt*  Brown  such  as  albrd  Rmchd 
in  their  identiiication,     A  specimen  of  the  shell,  with  which  !  hsn 
been  kindly  favoured  by  Mr,  Binney,  docs  not  look  much  mM^  ^ 
s<iuat  form  of  Turho  hcUcinitii,    Nevcrthelc^  there  is  a  pa   "  *"" 
its  repreaenting  a  distiuct  spedes ;  and  as  there  is  ako  a 
of  these  Yorkshire  individuals  proving  to  bt>  the  same,  I  wfcr 
for  the  present  to  it— doing  so,  however,  with  eonddemble  doubt. 

8.  CniToir  LoprusrAifus,  King,  Mon.  Pejro,  Po^,  of  England  p  p. 

pL  16.  figa,  9-14. 

I  have  a  posterior  plate  (cast)  of  a  CAiV^wt  from  Brodswortlu 
an  intei-raediate  one  (cost)  from  MoorhouBe,  which  appear  to  M(?i^ 
to  this  Hpotiesp  Hie  former  is  rather  narrow,  and  has  an  ^kTiJ» 
and  relieved  apex.  The  latter  is  obtu&ely  ang:uhited  medktily,  ifi^ 
has  its  posterior  and  anterior  margins  almost  at  right  angles  %^  ^^ 
dorsal  line.  The  shell  of  these  plates  apiK>ara  to  have  been  nonwwb-^ 
thick ;  and  the  posterior  plate,  which  u  the  largt^t,  mui*t  hare  i»-^ 
longed  to  an  indindual  about  live-eightlis  of  an  Inch  in  h^t^^th. 

Two  plates  of  a  CkiUm  are  mentioned  by  Prof,  King  la  ' 
oceurrefl  iq  a  Fennian  lime«tone  at  Kirkby  Woodliouat?  m  Hi 
hamshire*. 

9.  DEWTAntTM  SoEBTi,  King,  Men*  Perm,  Foae.  of  England,  IBSl 

p,  218. 
Syn-  DaitaUum  Spetfcri,  GeinitE,  UobeT  den  Eeehacttdn  ifcr  W 
'  tcrau,  1852,  in  the  Jahros,  diT  Wotterau.  Qeidl,  for  lb&>^l 
Nut  rare  in  the  Lower  limcstoiie  at  Hampole  Stuhbe,    8pwii 
*  Mon.  Vem\.  Fom.  of  Engbuid.  |k  lit 
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m  not  well  presenredy  being  either  casts  of  the  interior,  or  impres- 

flums  left  in  the  matrix  after  the  decay  of  the  shdL    The j  are  half  an 

inch  or  lees  in  length,  and  are  slightly  carved,  more  so  posteriorly  than 

towards  the  aperture;  they  taper  gradually,  and  have  apparently 

Iseen  smooth. 

~_  Frof.  King  first  described  this  species  from  a  specimen  discovered 

by  Hr.  H.  Clifton  Sorby  at  Conisborough. 

7  ..         More  than  a  year  ago  I  foimd  a  Dentalium  in  the  Shell-limestone 

/  ~      of  Durham,  wMch  evidently  belongs  to  this  species.     It  is  testi- 

^'       feroos,  of  tiie  same  length,  of  similar  curvature,  and  smooth  like 

the  examples  just  noticed.    It  perhaps  increases  a  little  more  rapidly 

in  width,  and  is  more  acuminate  posteriorly  than  they ;  but  these 

differences  seem  of  little  import. 

There  does  not  appear  to  be  much  doubt  as  to  this  species  being 

identical  with  the  DmU  Speyeri  of  Geinitz,  which  occurs  in  the  Unter 

^         Zcchstein  and  Zechstein-Dolomit  of  Germany.    Specimens  from  these 

deposits,  sent  to  me  by  Baron  von  Schauroth  as  those  of  2).  Speyeri, 

..  .      flbow  little  variation  from  English  examples.     And  I  have  also 

compared  the  latter  with  drawings  of  type  specimens  with  which  I 

We  been  kindly  favoured  by  Dr.  Geinitz,  but  can  detect  nothing 

^.;      that  will  constitute  a  specific  difference. 

:   i         Loe,    Hampoie  Stubbs,  Comsborough  (Sorhy), 

;r|  CoircHiTEEA. 

-jj     ^'  GsRvnjJA  ASTiQUA,  Miinstcr;  Goldfuss,  Petrefactcn,  part  2.  p.  126. 
<;  Syns.  Bakevellia  tumida,  King ;  Avicula  inflata,  A,  Binneyi,  and 

^f  A,  diseorSf  Brown. 

•^  iVo  forms  of  this  species  occur  in  Yorkshire.     One  is  longer 

rf       &CUI  wide,  rather  inflated,  with  a  shallow  curvature  in  posterior 

>       ^^xgin,  and  a  deep  byssal  sinus.     The  other  is  wider  than  long, 

]'      .'^tlier  flat,  and  with,  a  byssal  sinus  not  so  deep  as  the  first.  Neither 

1^  ^ound  above  half-an-inch  wide,  generally  less.     The  surface  of 

'^'tt  is  marked  with  the  regular,  finely  raised  lines  of  growth  so 

^'^^iUacteristic  of  the  species  in  Durham. 

^Xhe  relative  thickness  of  the  shell  appears  to  have  been  greater  in 
r^^  Yorkshire  individuals  than  in  those  of  Durham.  The  muscular 
^^ Jffessions  and  pallial  lines  are  thus  often  very  clearly  indicated  on 
^^^  casts.  The  hmge-teeth  are  also  very  instructively  shown  in  many 
^S^^^cimens. 

In  one  quarry  near  to  Pickbum  I  obtained  specimens  of  the  more 
^^^^mgate  form  which  assume  the  character  of  the  Bakevellia  tumidn 
^^^  Kmg, — ^the  valves  being  very  tumid,  the  hinge-line  of  great  width, 
^^^d  the  shell  altogether  more  irregularly  grown  than  in  type  speci- 
^^«ns  of  the  species. 

(?.  dniiqua  occurs  in  immense  quantities  in  the  Lower  Limestone, 
^^sociatea  with  remains  of  other  Oervillim  apparently  belonging  to 
^iie  species  JcenUophaga.     At  Bull  Hill  Quarry  near  Pontefract,  and 
^t  Wentbridge,  their  remains  almost  solely  form  thick  beds  of  lime- 
stone.   It  is  almost  invariably  in  the  state  of  casts,  and  generally  in 
^etadied  valves. 
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It  occurs  lit  BuU  Hill,  Bag  Hill,  and  other  localitiew  Bbmi  J 

fract,  at   Weutbridgo,  Hampole  Stubbs  {8t;ti>>b«  Hill,  SsAMffc 
Hampolej  MtK)rhoii3o,  Pick  burn,  Urod^  worth,  ConB*l:K>miigb.,  Hart* 
Pagnoll,  Emsoll,  Bamhorougb  Cliff,  CadebT,  BraitUwelU  ^^  «*^ 
Micklebrijig,  all  localities  of  tbo  Lower  Limeetoae,  aBd  in  nil  fli . 
which  it  is  oommon, 

2.  Gerttllta  KEitATf>PHAGA,  Schlotheim,  Denkm;li.  Alead,  JTtinefe.* 

Tob  vi.  p.  ^0,  pb  5.  fig.  2, 
Sjm,  BakevdUa  hicarincttaf  King, 

Sx>ocimenfi  of  this  species  occur  more  rarely  than  those  of  tie  pe"! 
ceding:.  They  never  attain  the  size  of  the  birgcst  Durham  ffpetisiMutJ 
though  in  common  wHth  those  they  pofwea**  the  same  obbrjuitT  < 
valYCfl,  forked  posterior  margin,  and  prominent  and  somewhat  distsfltl 
lines  of  growth  that  characterize  the  species. 

It  occurs  at  Brodeworth,  Bickbum^  and^  I  think,  in  other  locilijia^ 
but  tho  preservation  of  the  Bpeeimetis  is  such  as  will  not  allowgvl 
spt^ak  positively  on  tlic  nitttter*     Prof*  King  give^  the  neighb 
of  Pontefract  as  a  locality  for  it, 

3.  Mtalina  HAUSMATffja,  Goldfuflg,  Petrefceteit,  part  2,  p.  16S. 
Syns,  Mjftihts  squamfmiS  and  AT  acumhvitm,  J,  de  C.  Soirerl 

and  M^fihtA  septifert  King. 

Generally  about  balf-an-inch  long,  rarely  an  Indi,    Not  ^ 
common.     Occurs  both  in  the  Lower  Limestone  and  the  JkcfihsM 
Beds,  being  much  dwarfed  in  the  latter, 

Loe,  Lower  Limestone ;  Bull  Hill  Quarry  near  Pontefrai't,  Hsdh* 
pole  Stubbs,  Bamborough  Cliff,  near  Sprotborough,  C^ni»baf(M|}i* 
Brodsworth,  and  ifoorbouse,  BrothertoD  Beda ;  Hamiiole  Qaamai'j 
Knottingley,  and  Loversall- 

4.  KrocoircnA  cobtata.  Brown,  Trans,  Manch*  GeoL  So€.,  vdi.  i  p- 

32,  pb  6,  figs,  34,  35, 

Specimens  of  this  species  are  not  rare.  They  never  exoeed  Ithp  rf 
an  inch  in  lengthy  have  genertdly  rattier  convex  valves,  slightly  cmftA 
dorsal  and  ventral  margins,  with  well-marked  posterior  rib%  md  \ 
surface  covered  with  strong  line-s  of  growth, 

Loe.      Brodfl  worth,    Ham  pole    Stubbs,  near  BarEiboroii|[h 
Moorhouse,  Hampolo,  and  Bull  Hill  near  Pontefiract*  all  iu  " 
limestone, 

6,  CAEDioifORPHA  Paixasi,  De  Yemetiilj  Geob  BiiflB,^  voL  H,  |Il  3 

Syn,  0.  modioliformii^  King, 

A  single  right  valve  of  this  species  occurred  iti  the  Lower  L 
ertone  at  Brods worth <  -  It  b  ^ths  of  an  inch  long,  is  strtangty  lu 
lated,  has  its  umhono  dopnessod,  and  appears  to  have  had  a 
thin  shell. 


*  *■  Hampole  Quamea'*  la  the  nAine  on  Lbp  map  of  llic  Onl&«cice  Butts 
the  quarries  on  ea<'h  side  of  the  Great:  Korth  H<wi  a  liillo  to  the  mgr^H 
Holtoerofd  Briiige  rtnd  a  mile  to  the  «Wt  of  HoTO|h3Ui  rilla^  mnd  miltff 
than  a  Duifl  to  the  <>9aiof  the  okl  oiiflpry  of  La^cr  Linu^loma  «ooNil 
in  thi»  paper  a»  the  locAlity  of  "  Hatnpole/' 
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Axixijs  DUBius,  Schlotheim,  Denksch.  Akad.  Munch.,  vol.  vi. 

p.  31,  pi.  6.  figs.  4,  5.     PL  VII.  figs.  11  and  12. 
lyns.  Ax,  obtcurus,  Sowerby ;   Ax.  parvus,  pusillus,  productus, 

undatus,  elongatus,  rotundattts,  and  Lucina  minima,  Brown; 

Schizodus  Schlotheimi,  Geinitz ;  and  Sch.  truncatus,  King. 
Fhe  most  common  form  of  this  species  in  Yorkshire  is  that  which 
I  been  described  by  Sowerby  under  the  specific  name  of  ''obscurmJ* 
I  distinguishing  features  being  abeady  so  well  known,  it  will  be  un- 
cessary  to  notice  them  in  detail.  It  differs  from  other  varietal 
ms  of  this  species  in  its  greater  depth  anteriorly  and  in  its  greater 
eterior  production,  in  the  convexity  of  its  umbonal  region  and 
Ijer  umbone,  in  the  obliquity  of  its  hinge-line,  and  (generally) 
the  thickness  of  its  shell. 

Specimens  from  some  localities — especially  those  from  Moorhouso 
«how  several  deep  furrows  and  ridges  in  the  concavity  of  the  um- 
nal  region,  running  somewhat  radiately  from  the  umbone,  which 
3  probably  visceral  markings.  Such  examples  also  generally  show 
UM  of  the  muscular  impressions.  These  internal  markings  are, 
conrse,  best  seen  in  specimens  with  thick  shells,  and  are  very 
at  or  not  at  all  perceptible  when  the  shell  has  not  been  of  mode- 
•e  thickness,  as  at  Emsall  and  Brodsworth.  The  thickness  of  the 
ill  has  been  quoted  as  a  specific  character  by  those  who  consider 
^>8curus  "  a  distinct  species ;  but  it  may  bo  pointed  out  that,  though 
shell  of  the  Yorkshire  Axini  is  usually  much  thicker  ihan  the 
U  of  those  occurring  in  Durham,  yet  its  thickness  is  subject  to 
iation,  just  as  the  size  of  the  shell  is  variable.  Some  individuals,  and 
Be  not  young  ones,  have  the  shell  little  or  no  thicker  than  that  of 
**  truncatus  "  variety  of  the  Shell-limestone  of  Durham,  whereas 
>ther  cases  the  shell  is  fully  three  times  as  thick.  Thus,  instead 
:he  difference  in  shell-thickness  being  of  specific  value,  it  would 
n  to  be  merely  a  difference  of  individual  growth,  due  probably 
ge  and  locality,  which  are  known  to  effect  analogous  results  with 
shells  of  recent  Mollusca. 

t  would  appear  that  Ax,  duMus  attained  its  maximum  dovelop- 
it  in  the  British  area  in  the  sea  of  the  Lower  Limestone.  It  was 
re  of  greater  size,  more  robust,  and  more  prolific  than  at  any 
er  period  of  its  history.  In  no  other  district,  and  on  no  otlier 
iron,  in  Yorkshire,  Durham,  or  any  other  part  of  Britain  where 
•mian  strata  occur,  does  it  ever  again  attain  the  same  size  and 
indance.  During  the  same  period — ^while  the  Compact  Limestone 
i  accumulating — it  was  a  rare  species  in  the  Durham  area.  And 
s  is  a  fact  worthy  of  attention :  for  the  two  regions  are  only  some 
hty  miles  distant ;  yet  in  one  it  is  the  commonest  sx>ecies,  and  in 
other  amongst  the  rarest. 

Che  Axini  of  the  Brotherton  Beds  also  belong  to  the  "  ohscunis  " 
« ;  but  they  are  there  much  dwarfed  in  size,  seldom  exceeding 
f-an-inch  in  width. 

In  some  localities  another  variety  of  this  species  occurs  (figs.  11, 
),  which  is  much  smaller  than  the  preceding,  its  \vidth  being  only 
thg  of  an  inch.     It  is  almost  ovate  in  marginal  outline,  is  regu- 
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larly  rounded  anteriorly,  and  is  a  littlo  more  produced  in  ttiat  tiiw- 
tion  thaa  '*  obsaints  *'  or  any  of  tho  other  varieties,  lU  nnibotte  is 
comparatively  email,  and  dotis  not  extend  mnch  above  the  hingt- 
line ;  the  hinge-lino  dopes  gently  inwards^  and  its  ventral  muipa 
is  regulariy  rtiunded  and  likewise  fllop©^  inwards^  to  the  posterior  ei- 
treraity.  The  valves  are  regularly  convex,  and  the  idiell  is  Mm* 
paratively  thiti. 

Thifl  pretty  form  of  j4;t\  drtbius  w  somewhat  rare,  and  has  only 
oecmred  to  me  in  Lowejr  Limestone  at  CouiBhoroiigh,  Hnrnpole^l^. 
and  Br ods worth. 

Loc.  In  the  Lower  limestone  at  Bull  Hill  Qnarry  and  other 
ealiticB  about  Pontefract,  at  Wentbridge,  Hanipole,  Hampole  Stut 
Mnorhousc,  Pickburn,  Brodawortht  Conisborongh,  Hooton  Pagnfll 
EmsalJ,  and  Bamborougb  Cliff;  on  Prof.  King-'s  authority  it  likt^tiw 
oecurs  at  Garforth  Cliff*  WoodhalJ,  and  Nc^tcrfield, — In  Upper  Limp- 
etone  at  Knottiagley,  Lovei^all,  Wadworth,  and  south  of  Eu^Ja 
Hoofl's  WeU. 

7.  Machddos  striattjs,  Schlothoim,  Donkseh,  Akad.  Munch.,  tnl 

p.31,  pL6.  fig.a 
Syns,  Cacidlfea  sidt^ta,  Phillips*;    Arm  Uimida^  J-  8ow**rby: 
antiqua^  Milnater ;  A,  Loftmmnaf  Hawao ;  A,  Kimp&m^ 
Vcmeuil, 
Three  separate  valves  of  this  epeeies  have  ocemr&d  to  me  k 
Lower  limes  tone*    Their  mo  is  very  small  compared  with  I>urto 
examples,  being  apparently  of  stunted  growth.     The  hirgost  i» ' 
an -inch  in  width, 

Loc^    Moorhouse,  and  Holywell  Hill  (ConLaborough), 

8.  Leba  srELtTNCAHiAj  GoiuitZj  Vorsteinemngen  Zech.,  p.  9,  pL  ^ 

fig.  6. 

8yn,  Lfda  Vinti^  ^Klng. 

I  poaiie^  two  spocimeufi  of  this  interesting  species  from  fcheU*ef 
limestone  of  Moorhouac.  One  is  a  good  cast  of  a  right  valve  with  i 
portion  of  the  sheU  adhering  to  one  extremity ;  the  other  b  a  1^ 
cast  of  a  loft  valve.  The  former  is  about  f  ths  of  an  inch  in  wifllK 
and  differs  httle  from  Burbam  speciiuens,  except  in  bfong 
more  acuminate  posteriorly,  and  in  having  the  umbonol  ridge  id] 
broader  and  stronger  than  they. 

BRACinoponA« 
1,  Tbeeboatxixa   Ei^jroATA,  Schlothoim^  Denksch.  Alcad.  Mm\ 
vol,  vi.  p,  27,  pL  7,  fig.  7. 
8yus.  ^  71  fufflaia,  comphtnaiaf   lata,  communis,  and  iiiffi 

Schlotbeim. 

Both  the  typical  fonn  of  this  species  and  the  variety  sufflfOa 

iu  the  I>ower  limeston*%  the  individuab  of  both  varying  tn  iriatW 

length  and  width  in  different  tocalitiee,  but  never  attaining  m  laijf 

a  size  as  in  Dnriiam,     My  largest  epecimen  is  half  an  inch  \na§, 

*  Thu  is  probahl|  the  shell  tiotjt-cd  by  Prof.  Phillips,  ontW  llii^  itntm  cf  tV 
tvUttn,  aft  Qceiuring  in  the  neighbourhood  of  Pwry  BwcfaiB.  dee  Phil  lUf .  i^ 
•m^l82S.  p.-l0f.  ri      IV     x^^  — •     — 
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rhich  is  an  uncommon  length.  It  is  not  a  rare  species  at  Conis- 
Mroogh,  where  the  individuals  belong  to  the  typical  form ;  nor  at 
Sampole,  where  individuals  of  both  forms  occur,  though  exceedingly 
itunted  even  for  Yorkshire. 

T.  elongata  is  the  only  Brachiopod  that  has  been  found  in  the  Per- 
nian  series  of  South  Yorkshire. 

Loe.  In  Lower  Limestone  at  Conisborough,  Brodsworth,  Hampole, 
Bbunpole  Stubbs,  and  near  Wentbridge.  It  has  also  been  noticed  by 
Prof.  Phillips  in  the  vicinity  of  Ferry  Bridge. 

POLTZOA. 

L.  AcAiTTHocLADiA  AKCEP8,  Schlothcim,  Denksch.  Akad.  Miinch., 
voLvi.  p.  20,  pl.2.  fig.7. 

A,  anceps  is  the  common  Polyzoan  of  the  Permian  strata  of  this 
district.  It  here  takes  the  place — and  more  than  takes  it — of  the 
FenetUUa  retlfomUs  of  the  Durham  bods.  It  is  usually,  however, 
much  broken  up,  good  characteristic  specimens  being  rare.  In  only 
one  quarry  (Freestone  Quarry)  near  Brodsworth,  have  I  met  with 
illustrative  examples  showing  the  symmetrical  branching  of  the 
stems,  and  more  rarely  the  celluliferous  surface. 

Both  in  the  quarry  named  and  in  others  at  Cadeby  and  Hampolo, 
the  remains  of  this  species  form  almost  the  chief  bulk  of  thick  beds 
of  limestone  that  have  long  been  wrought  as  a  building-stone  in  the 
district  a  little  west  of  Doncaster.  The  remains  of  AcarUhodadicB 
are  to  be  seen  studding  the  surfaces  of  the  weatherworn  walls  of  the 
ancient  stone  buildings  of  this  district.  When  at  Conisborough  I 
saw  it  in  company  with  Oervillia  antiqua  in  the  stones  of  the  walls 
of  the  castle-keep — probably  old  acquaintances  of  Athelstan  the 
Unready  and  his  compatriots  in  <  Ivanihoe ' ! 

Loc.  In  Lower  limestone  at  Brodsworth,  Pickbum,  Hampole, 
Hampole  Stubbs,  Bull  Hill  Quarry  (Pontefract),  and  Conisborough. 

2.  THAMKiscns  DUBiTJs,  Schlothcim,  Petrefacten,  p.  341. 

Syn.  FenesteUa  ramosa.  King. 

I  have  taken  a  specimen  of  a  Polyzoon  which  very  much  resembles 
this  species.  It  is  rather  above  an  inch  long,  shows  the  uncelluli- 
Ferous  face,  and  has  a  pnncipal  stem  about  J^th  of  an  inch  in  width, 
vrith  many  irregular  branches  almost  as  wide. 

Loc,    Freestone  Quarry,  Brodsworth. 

3.  Retepora  Ehbeitbseoi,  Geinitz,  Grundriss  der  Ycrstcinerung., 

p.  585,  pi.  23.  fig.  12. 
Syn.  B.  Lomdalii,  Howse ;  FenesteUa  Permlana,  King. 
Interesting  fragments  of  this  scarce  species  occur,  along  with  the 
two  preceding,  in  the  Freestone  Quarry  at  Brodsworth. 

4.  SiBiropORA  Mackeothi,  Geinitz,  Grundriss  der  Yersteinerung., 

p.  582. 

Small  specimens  of  simple  and  branched  stems  of  this  species  occur 

among  the  d^ris  of  Aeanthocladia  anceps.     In  the  Brodsworth 

Freestone  Quarry  the  examples  are  always  sections,  some  of  which 

show  the  internal  arrangement  of  the  cells  very  clearly.  At  Hampole 
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I  have  taken  it  in  minute  globose  and  egg^-«haped  m^mm,  ooe  ef 
which  has  a  spino-liJie  body  for  an  axis, 

Loc.  Lower    limcstonoj    Freestone    Quany,   BrodswortU,  ^ 

Hajii|M>lc. 

ENTOJtOITRACJk. 

1.  Cythekb  (Bmodia)  plebeu,  Emiss,  Jaki-tsberieht  der  Wdtu  Jta 

GeseU,  1854,  p.  67, 

Syn»  {7,  (BamUa)  eurta,  Jones  (not  McCoy). 

Several  specimens  of  this  species  have  occurred  in  tb*?  hmr 
Limestone  at  Humpole,  and  amongst  them  the  rarietiee  ihngi^ia^ 
^epitmt,  and  cotnpressa.  Also  a  single  specimen  of  the  turiely 
vefUricosu  at  the  neighbouring  locality  of  Moorhonse, 

2.  Cttitebe  (Baisdia)  ScHAraoxHiAjrA,  Kirkby,  Ann.  &  Mag.  Nit 

Hist,,  sen  3,  vol.  U.  p.  329,  pL  10.  t  14;  andTnms.  Tynes.  U. 
Field-dab,  voL  iv.  p.  147,  pL  9. 1 14. 

A  single  specimen  of  this  species  occurred  at  Hampelo. 

3.  CmiERE  (Baikdu)  am^L4,  lleiisa>  Jabi<3sb.  Wetter.  0«a,  1S54, 

p,  68,  f.  7  CI,  7  6. 
A  fine  example  of  this  specie-8  occnrred  to  me  in  the  Imwvt  Hm^^ 
fitono  iit  Hampole,  and  has  been  noticed  and  figured  by  Mr-  Jffl*^* 
in  the  Transactions  of  the  Tyneside  Naturalists'  Ficld-einb  (y*<i'  l"^-^ 
p.  KiC,  pL  IL  figs.  19d,  19/).  ^  . 

Itt)  oiJy  other  locahty  in  Enghmd  is  in  the  Upper  Llmeetooi^  *^^ 
Durham  at  Byers^  Quarry,  where  it  is  a  rare  fossiL 
4*  CYTnfiEK  (CvTHEmiDEis)  JoKEsiAWA,  Kirkby,  Ann,  ^  Mtig.  Xi^^ 
Hist,.  Ber.  3.  vol.  ii,  p.  432,  pi.  IL  fig®-  1,2;  and  Tram.  Tjai^ 
Nat.  Field-club,  vol.  iv,  p.  161,  pi.  11.  figs.  24,  25, 
SjTi.  BairdiugracUh,  Rcuss  (not  McCoy), 
Occurs  rarely  at  Hampole, 

5.  KittKHYA  Pilbiiia:tAj  Jones,  Monog.  Perm,  Foss.  of  England^  jvi 
pi.  le.  fig.  1 ;  and  Trans.  Tyne,  Nat.  Field -dub,  vol.  iv.  p.  I: 
pi.  8  (I.  figs.  1-9.  ^ 

1  have  only  met  with  this  species  once  at  Hampole,   Tht*  i*pedm9^J 
found  agrees  in  size  and  general  character  with  those  of  thi*  ^b*-3^B 
limestone  of  Durham  ;  the  sculpture  of  the  valve*  ts  well  mttrkfJ.    " 
The  spedmcns  of  EniQim^tra^a  which  I  have  obtained  at  Uwiip^J*^ 
are  pretty  well  preserved,  and  are  generally  pei^eet  catapacm*.  0»^ 
of  the  beds  at  this  locality  is  very  friable »  and  decays  rapidly  by  *'■*' 
action  of  the  weather  ;  and  it  is  in  the  debris  thu«  formi^  that  Il»^'« 
found  most  of  my  Yorkshire  examples  of  this  cla^, 

FOKAJlIKlFE£Li. 

L  MiuoLA  PUSiLTiA,  Geinitz,  Sp.  Veristein.  Zechatdn,  nnd  fcri^i 

p.  0,  pL  3*  figs,  3^. 
Bather  common  at  Hampole  along  with  the  EnimmBtmm-    *^ 

*  The  locality  of  Hftmjxile  la  so  often  nicintiornKl  iu  thii  womoiir.  and  ii  a^™ 
worthy  of  fiulJier  scarcli,  thAt  I  maj  remaj-lt  Uml  it  trfi^i>  t*^  %  Itltlr  old  <p«'^ 
^  the  iide  of  tlw  ruad  (eadiug  &om  DorjcMter  fi)  WjiJimIIc14  a  i^ott  dud^^ 
tn«  ivest  of  the  Tillage,  and  not  far  from  tlif  Swan  Inn, 
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it  cases  oval- shaped  and  flat;  the  coils  approximating  more 
less  to  a  regular  arrangement  on  one  plane,  as  in  Spirillina, 
•ely  disk-shaped,  simulating  (?)  the  Spirillina,  Occasionally 
re  globose  or  cylindrical  in  form, — the  coils  overlapping  irre- 
arly,  as  generally  occurs  in  Durham  examples.  The  coils  are  also 
Tower,  and  the  general  habit  of  the  specimens  less  robust  than 
Durham  examples. 

Csual  size:  ^th.  in.  long,  ^^^th  in.  greatest  width,  -^  in.  least 
1th ;  largest  specimens,  ^th  in.  long,  ^ih  in.  greatest  width, 
th  in.  least  width. 

In  Yorkshire  it  only  occurs  at  Hampole.  It  is  not  rare  in  the 
sll-limestonc  of  Durham,  nor  in  the  Unter  Zechstein  of  Germany. 

rhe  sur&ces  of  slabs  in  the  Broth  erton  Beds  are  often  covered  with 
remains  of  an  obscure  fossil  which  probably  belongs  to  the  Algm. 
3  fragments  are  filiform,  linear  or  slightly  curved,  cylindrical  or 
her  compressed,  rarely  branched,  about  an  inch  in  length  when 
gcst,  but  generally  shorter,  and  about  ^th  of  an  inch  or  less  in 
sidth.  They  are  often  of  a  brown  or  reddish  tinge — the  surface 
the  slabs  being  grey  or  yellowish — and  stand  out  in  relief.  They 
»w  no  trace  of  structure ;  and  they  not  only  occur  on  the  surface 
the  slabs,  but  in  the  substance  of  the  beds, 
rhcse  are  often  associated  with  Axinus  duhlus.  At  Knottingley 
t  fragments  are  arranged  linearly,  with  their  longer  axis  in  one 
cction,  as  if  by  the  influence  of  a  current.  Indeed  the  imperfect 
idition  of  the  specimens,  and  the  manner  in  which  they  are 
wttered  over  the  surface  of  the  slabs,  would  seem  to  indicate  that 
2y  were  all  more  or  less  subjected  to  drift-action. 
In  the  Upper  Limestone  of  Durham — the  equivalent  of  the 
«Uicrton  Beds — obscure  remains  of  Alga  similar  to  those  under 
tice  likewise  occur,  and  they  are  also  associated  with  the  same 
ell.  These  remains  are  in  a  carbonized  state,  and  are  scarcely  so 
ich  broken  up  as  those  of  Yorkshire,  but  they  possess  much  the 
ne  character  as  the  latter,  and  it  is  not  improbable  that  they  may 
long  to  the  same  species. 

The  obscure  fossils  resembling  Serpula  or  Dentalium,  noticed  by 
\>t  Sedgwick  in  the  Brotherton  Beds  at  Cold  HiU,  near  Aberford*, 
I  probably  identical  with  this  fossil. 

Loe.  In  Brotherton  Beds  at  Knottingley,  Pickbum  Leys,  and 
idworth. 

rhe  occurrence  of  another  fossil,  of  somewhat  obscure  afiinities, 
^h  possibly  an  Annelid,  may  here  be  noticed, 
[t  is  a  cast  of  a  laterally  compressed  tube,  3  inches  long  (neither  end 
Qg  perfect),  f  ths  of  an  inch  in  longest  width,  andXths  in  shorter 
Ith.  It  is  dightly  arcuate  longitudinally,  and  has  an  oval,  or 
her  ovate  section  transversely — the  convex  edge  being  more 
ly  rounded  than  the  other.  Between  the  cast  and  the  investing 
trix  there  is  a  slight  space,  which  appears  to  have  been  originally 
apied  by  the  walls  of  the  tube. 

*  Trail*.  QeoL  Soc.,  2Dd  aer.  vol.  iU.  p.  118.      ^ 
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A  aimilar  fossil  tioa  occurred  in  the  Shell-  and  Compact  limw^ma 
of  Durham,  agreeing  in  most  reBpecta  with  the  ono  de^cnW. 

Loc.    In    Ix>wer  limestone    at    Hampole    Stubl*g,   and  Ihmi  i 
roadside  stoae-heap  between  Kampole  and  Heoton  Pagnell. 

The  following  table  give*  a  synoptical  view  of  the  Permian  gpeciw 
of  Bouth  Yorkshire,  and  shows  their  general  diBtribntioa  in  tk    i 
Permian  depcdta  of  Britain : — 
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96  species  with  asterisks  on  their  left  have  been  previously 
i  by  Professors  Phillips,  Sedgwick,  and  King,  as  occurring  in 
lire. 

\  stated  by  Prof.Sedgwick  ih&tProdwtus  Tiorridua  (or  P.ealvus) 
und  by  lum  in  the  '*  upper  thin-bedded  limestone  "  between 
-field  and  WeU*.  It  is  very  difficult  to  doubt  the  observation 
if.  Sedgwick ;  but  I  can  sciu*oely  help  doing  so  in  the  present 
06  when  I  consider  the  utter  absence  of  Bradiiopods  in  all  the 
•  Permian  Beds,  not  only  of  England,  but  of  Western  Europe 
lUy. 

\  Distribution  of  ike  Fossils, — This  list  of  fossils  contains  all 
re  yet  known  to  occur  in  the  Permian  rocks  of  South  Yorkshire, 
mt  including  the  localities  searched  by  Profs.  Sedgwick  and 
p6,  it  represents  the  result  of  an  examination  of  not  less  than 
J  fossiliferous  localities  visited  by  myself.  If  we  add  to  these 
calities  examined  by  the  geologists  named,  and  not  visited  by 
ad  consider  that  they  only  met  with  one  species  which  I  have 
and,  I  think  we  may  almost  conclude  that  the  list  given  takes 
Bt,  if  not  all,  of  the  common  fossils  of  the  district.  Nevertheless 
ot  to  be  doubted  that  a  more  continued  search  would  add  to  the 
er  of  species,  and  improve  our  knowledge  of  them  generally. 
mil  be  apparent  enough  from  this  list  that  fossils  are  only  found 
)  subdivisions^in  the  Lower  Limestone  and  the  Brotherton 
And  it  will  be  just  as  apparent  that  nearly  all  the  species 
nfined  to  the  Lower  Limestone,  only  three  occurring  in  the 
erton  Beds.  What  we  know,  therefore,  of  the  fossils  of  the 
An  rocks  of  this  district  is  in  the  main  derived  from  a  single 
rision  belonging  to  the  inferior  half  of  the  series. 
Fossils  of  the  Lower  Limestone. — In  the  Lower  Limestone  the 
ocalities  for  fossils  are  in  the  ooUtic,  and  what  I  have  termed  tho 
»an  beds.  Fossils  are  found  throughout  the  whole  of  tho  various 
of  this  member,  but  are  most  plentiful,  both  in  species  and 
iuals,  in  the  beds  mentioned.  They  are  not,  however,  well 
ved,  being  in  most  cases  casts  merely,  those  of  Hampole  being 
ief  exception.  The  best  localities — those  most  rich  in  species 
idividuals,  and  where  the  latter  are  most  finely  developed  and 
reserved — that  I  had  the  opportunity  of  examining  are  the  old 
es  at  Hampole,  Hampole  Stubbs,  and  Moorhouse,  the  Free- 
Quarry  near  Brodsworth,  and  the  Hul^^well  Hill  Quarries  at 
wrough;  all  of  which  would  certainly  repay  further  examination, 
irticularly  the  continued  researches  of  a  local  geologist.  In  all 
ies  the  Conchifera  are  generally  found  in  single  valves.  This 
good  with  every  species  of  this  class  t.     The  Polyzoa  too  are 

tiu.  GeoL  SoCy  2nd  ser.  toI.  iii.  p.  106. 

le  difllocaiion  of  the  volyes  of  fossil  Conchifera  docs  not  necessarily  imply 
Bj  were  subjected  to  the  action  of  currents,  and  probably  transported  from 
regions  prior  to  their  being  imbedded  in  sediment  and  foesUized.  In 
MSB  when  a  Ck>nohifer  dies  and  its  adductor  muscles  relax,  the  valTes  of  its 
pring  open  more  or  less  hj  the  elasticity  of  the  ligament  And  should  the 
thus  remain  for  a  moderate  length  of  time  uncovered  by  sediment,  the 
at  and  ileihy  portion  of  the  MoUusk  decay,  or  are  otherwise  remored,  and 
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always  more  or  less  fragmentary*     The  G^sfenojwrfa  i 

sultered  no  injury  prior  to  inhumation.  In  several  place* 
einiena,  even  aa  easts,  are  so  b;idlj  preserved  as  scarce 
dctorrainable*  Thi^  apiveiirs  to  result  from  two  causes, — m 
being  apparently  the  fault  of  the  investiiig  matrix^  who«e  pre 
qualities  have  been  pooi ;  and  at  others  it  is  owing  to  tk«?  c 
of  the  i*pccimena  by  compre^ion  during  the  proteaa  of  torn 
The  moBt  remarkable  instanee  of  the  latter  kind  that  I  1 
with  is  near  to  Hampolo  8tiibbs,  whoro  there  is  a  bed  of 
brown  limestone  full  of  ytcint  pre&sed  ilatj  and,  in  eon* 
broken  into  many  pieeea.  I  observed  another  exjimple  of  I 
at  ConLiborough,  where  T^e^mtulu  eiotufata^  which  i^  no 
shell  there,  and  of  nither  la^e  jsi^e  for  Yorkshire,  is  almost  ii 
more  or  less  distorted  by  pressurei  while  tho  sheila  of  other  * 
Gastcropods  and  Conchifera — are  scareely  ever  similarly  affe< 
this  case  the  Terehrattihf^  must  bare  been  les^  able  to  re-siflt  th< 
oi"  pressure  to  which  the  otigaaio  renwms  of  this  locality  w 
jet;ted  than  their  nssoeiates*  And  perhaps  this  may  b©  erpl 
the  first  place,  by  their  much  thinner  shell,  and  in  the  second 
of  their  having  been  imbedded  with  closed  valves,  their  dentJ 
Hot  allowing  the  easy  opening  or  dislocation  of  the  valves  after  I 
of  the  MoUusk,  which  would  thus  prevent  the  eutiBnoe  of  sedin 
tho  mvity  of  the  shell,  to  tho  great  disadvantage  of  the  valves 
tho  pressure  of  the  gradually  increasing  saperinenmbent  tm 

Aloorhouse, — One  of  the  most  interesting  localities  is  an  ol 
near  to  the  hamlet  of  Moorhouse,  where  Aximts  dfibiu$  e 
great  profusion,  and  most  iinoly  developed ,  both  in  respec 
thickness  of  shells  and  general  character.  Its  peculiar 
ridges  are  very  finely  disjiiayed  in  the  casts  of  this  loeaMty, 
other  species  lLke\^iso  occiir^  and  amongst  them  some  of  ti 
of  the  Yorkshire  forms.  The  limestone  is  oolitic  ;  and  the 
bed  in  particular  which  contains  the  fossik  mosjt  abundai 
I>osition  is  only  seven  or  eight  ftiet  above  the  Lower  ited  8a 
which  is  exposed  in  the  same  rjnany\ 

i/ampo/i?.— About  half  n  mil©  to  the  east  of  the  preceding 
is  another  old  quarry,  of  very  ignoble  appeai'anee»  at  Hani|)ol 
there  are  some  beds  of  fossiliferons  ]imestone  tippjirpntly  ii 
little  above  the  oolitic  bods  of  Moorhouse*  From  this  spo 
obtained  seventeen  species,  imd  mimy  of  them  are  imm  attire  m 
what  dwarfed-  Amum  cluhiuSt  which  is  bo  lai^ge  at  MoorhouA 
never  more  than  half-an-inch  in  width.     And  Tutha  hfUtim 

all  ooni(ie\ion  between  the  tii1t«»  ceost^  in  which  state*  they  wotdd  lol 
bo  itabdided,  weru  a  deiK«itioti  of  ftwiiiiietit  to  Lakeplno?  befort*  the  lio 
viihxi»  theiuBplrc-ft.  It  Ls  oxtr^mply  probable  that  tSud  it  gue  of  tl)4*  OM 
vb1t£»  of  fossil  C&?t<'k(fera  m  often  occitmug  rU-Ut^wwi  Whi.fi  iM 
cW»  arc)  found  fo*5iUi«l  wiU»  thtur  Tidvi«  eltwcd  mid  in  fH*i*rwt  jittlajj 
it  nut u nil  lo  ^up[iOiie  thnt  Quiir  ligiioictit  wm  elli^hi  mid  of  hitXi?  mtrmigi 
ilwj  wv'Fi'i  burrow iM-»,  on  al  Ict^hU  if  not  burrowuris  thiit  Uittv  had  bneo  i 
in  ft^Jtmont  while  living  ;  so  Uuit,  on  the  nalniiitioii  of  Ih^adducTtarnM 
clfMii  \\  iho  vah  iftt  would  bo  kept  dowd  by  the  extendi  pr^a^iov  of  tltfJBI 
wdimifflit  ^^1 
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b  the  common  fossil  of  the  locality,  is  only  one-fourth  its  usual  size. 
Die  molluscan  remains  are  mixed  with  comminuted  Polyzoa,  chiefly 
af  the  8pecic»  Acan,  aneepa,  the  fragments  heing  very  small,  though 
aumeroiis.  Aa  it  happens,  however,  the  reduction  in  size  of  the 
bsib  is  accompanied  hy  an  improvement  in  their  state  of  preserva- 
tion, and  particularly  in  respect  to  the  Univalves,  which  are  generally 
testifcrous.  So  numerous  are  these  minute  fossils  in  some  parts  of  the 
puiry,  that  the  quantity  of  them  that  occur  in  a  small  portion  of 
matrix  is  most  surprising,  a  fieu^t  rendered  easy  of  proof  by  the 
hukk  nature  of  the  matrix.  As  illustrative  of  this,  I  may  mention 
that  in  but  a  quarter  of  an  ounce  of  limestone  I  have  picked  out 
^8  separate  oi^anisms,  the  majority  being  specimens  of  Turbo  heli- 
sinttf.  Another  experiment  of  a  like  kind,  the  quantity  of  limestone 
being  the  same,  yielded  even  more  astonishing  results.  From  it  I 
extracted  461  specimens  of  T.  helicinus,  18  of  Turrit.  AUenburgensis, 
7  dRis,  height,  2  of  Terehrat.  elongata,  1  of  Bairdia  plebeia,  24  of 
MUiolapusilla,  and  8  fragments  of  Stenapora  Mack rothi ;  in  all  513 
Qiganisms.  A  cubic  foot  of  this  limestone  of  e(|ual  richness  as  the 
latter  throughout,  and  supposing  it  to  weigh  120  lbs.  (a  low  estimate), 
would  contain  very  nearly  4,000,000  of  distinct  individuals — 
Bod  these  not  truly  microscopic,  but  distinguishable  with  the  naked 
eye,  most  of  them  being  Gasteropodous  MoUusea,  All  the  limestone 
rf  this  locality,  however,  is  not  so  highly  fossiliferous  as  in  these 
Bxunples,  there  apparently  being  certain  zones  of  limestone  that  are 
preeminently  fossiliferous.  Besides  illustrating  the  extreme  abun- 
^ce  of  these  minute  fossils,  the  above  facts  give  a  good  idea  of  the 
felative  abundance  of  individuals  belonging  to  the  different  species. 
Hiey  show  that  Turbo  helidnus  is  by  far  the  most  common  form,  and 
that  its  individuals  outnumber  many  times  over  the  aggregate  of  those 
^  all  the  other  species.  And  this  is  the  only  instance  I  have  mot  with 
Inhere  the  Gasteropod  in  question,  though  very  generally  distributed 
31  the  Lower  Limestone,  has  taken  the  leading  place  among  the  fossils 
>f  a  locality.  And,  besides,  tliis  is  the  only  locality  in  Yorkshire — per- 
japB  in  England — where  Gasteropoda  hold  so  important  a  position  in 
*^  list  of  species,  about  half  of  \heMollusca  being  species  of  this  class. 

^tar  Brodsworth, — Another  interesting  locality  is  near  to  Brods- 
Mh  in  some  old  quarries  just  to  the  west  of  the  village,  where  the 
^  belong  to  the  higher  part  of  the  Lower  Limestone.  The  pre- 
^'^ating  fossil  here  is  Oervillia  antiqua,  its  casts  composing  almost 
^  ^hole  of  the  substance  of  some  of  the  beds.  This  species  is  just 
^mmon  here  as  Axinus  dMus  is  at  Moorhouse,  or  Turbo  helicinus 
^ampole.  And  the  beds  in  which  it  is  so  plentiful  are  probably 
^tical  with  those  at  Wentbridge,  Fontefract,  etc.,  where  we  have 
^Qed  it  as  occurring  in  similar  profusion.     Along  with  the  OerviU 

^re  to  be  found  the  remains  of  a  few  other  species,  amongst  which 
^y)  are  those  of  Nautilus  FreiesUbenx  and  Chiton  Loftusianus. 
^ear  Pickbum. — ^Between  Pickbum  and  Marr  there  is  a  quarry 
L^  by  the  villagers  the  "  Freestone  Quarry*  " — of  thick-bedded 

In  the  Kmth  of  Yorkshire  any  stone  that  can  be  easily  worked  by  the  mason 
^tmed  a  "  fnedone,"    In  Durham  this  term  is  only  applied  to  sandstones. 
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oolitic  and  polyzoan  limestone,  from  which  I  ohtained  an  int«re8tiiig 
Buite  of  foBsils.  The  common  fossil  is  a  Polyzoon — AcaiUhodidfA 
mic^ps.  The  associated  species,  among  which  are  thoso  mentioned  ti 
the  common  fosHils  of  other  localities,  are  all  of  subordinate  importanoe 
in  respect  to  indi\'idual  distribution.  Besides  the  species  of  FiUpM 
named,  three  others  have  occurred  to  me  in  the  polyzcMin  beds,  tworf 
which  {Retepora  Ehrenheryi  and  Thamnisctis  dMus)  arc  peculiar  to 
it.  The  beds  in  which  the  Polyzoa  are  so  profiisely  distribated 
scarcely  over  contain  species  belonging  to  other  classes. 

I  chieily  notice  those  fossiliferous  localities  in  detail  to  draw  some 
attention  to  the  manner  in  which  different  species  characterize  certain 
localities.  In  some  cases  this  seems  to  be  duo  to  the  localities  repre- 
senting different  horizons  of  the  Lower  Limestone,  consequently  differ- 
ent periods  of  Permian  time,  which  in  this  area  were  chanicterind 
by  the  prevalence  of  different  common  species.  This  is  certainly 
the  case  with  the  Moorhouse  and  Brodsworth  localities,  whose 
vortical  position  in  the  series  it  is  not  difficult  to  test,  the  former 
evidently  underlying  the  latter.  In  other  instances  the  diffemieei 
observed  appear  to  be  merely  those  of  geographical  distributioD; 
OS,  for  example,  that  of  Hampole  and  the  Froeetone  Qoany 
near  Pickbum,  the  beds  of  both  appearing  to  be  of  the  same  retire 
position.  To  the  pahcontologist  these  groups  of  species  and  their 
differences  are  of  particular  importance — just  as  much,  perhaps,  u 
tlie  larger  groups  (and  their  differences)  belonging  to  different 
formations  of  strata:  for,  as  the  one  tells  of  great  and  wide- 
spread changes  in  the  relations  of  ancient  life  during  the  elapse  d 
immense  ages,  so  does  the  other  of  the  small  and  limited  changes 
which  happened  during  shorter  periods,  and  from  which  the  fint 
eventuate. 

The  species  that  are  found  furthest  down  in  the  Lower  limestone 
are  Ax'nvus  dubius  and  GerviUia  antiqua.  Casts  of  these  shells 
(those  of  the  former  being  most  prevalent)  occur  in  the  lowest  beds  of 
compact  and  earthy  limestones  immediately  above  the  Rothliegendee 
at  Carlton,  Wentbiidge,  and  Ponti^fract  (Bagg  Hill).  Other  species 
soon  appear  in  the  beds  that  follow;  but  for  some  feet  upwards 
Axinns  duhiits  holds  its  owa,  and  increases  in  sixc  and  number^ 
until  it  attains  its  maximum  in  certain  strata,  not  so  very  far  abore 
the  sandstone  as  at  Moorhouse  and  Coiiisborough.  In  the  sucoeedio; 
beds  GerviUia  antiqua  becomes  very  numerous  and  takes  the  place (^ 
the  other  as  common  species.  Near  about  the  same  horiion  as  tbe 
latter,  or  possibly  a  little  below  it,  are  the  beds  in  which  Aeanthocktdk 
anceps  is  so  common  in  the  region  between  the  Don  and  the  Went 
Abovo  these  beds  and  in  the  highest  portion  of  the  member,  foesoli 
become  rarer,  and  the  species  that  occur  are  more  equally  reprcaented. 

The  assemblage  of  fossils  at  Hampole  is,  perhaps,  the  most  cnriom 
of  any  that  occurred  to  me  in  South  Yorkshire.  As  already  remarked, 
it  is  chiefly  composed  of  Univalves,  all  of  which  are  minute,  their 
small  size  being  due  in  the  case  of  Turbo  helicinua^  Turriidla  JUt»' 
buryensiSf  and  one  or  two  others,  to  the  immature  oonditiim  of  the 
specimens,  which  are  invariably  young  and  somewhat  dwuM 
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InalB.  The  associated  specimens  of  Bissoa  Leighi,  Natiea 
a,  and  StraparoUtu  Permianus  are  mature  individuals,  so  far 
development  of  these  species  is  known  to  us  from  their  occur- 
in  the  Permian  strata  of  other  districts.  The  latter,  however, 
oaller  species  than  the  fonner,  and  their  individuals  are  of 
similar  gravities  as  the  immature  examples  of  the  first-named 
s.  Hence  when  we  consider  their  great  numbers,  smallness,  and 
il  uniformity  of  size,  and  the  comminuted  state  of  the  Polyzoa 
)ccur  along  with  them,  it  seems  likely  that  we  have  here  an 
Loe  of  the  accumulating  action  of  currents.  It  is  easy  to 
stand  how  a  submarine  current  of  a  certain  power,  passing  over 
•bottom  strewed  with  various  forms  of  marine  life,  could  sweep 
those  organisms  whose  specific  gravities  it  could  overcome  to 
region  more  or  less  distant,  where  its  force  became  spent  or 
led,  and  there  deposit  them  in  quantities  as  countless  as  those  of 
pde.  If  its  power  never  exceeded  a  certain  limit,  the  larger  and 
weighty  organisms  would  not  be  removed,  while  the  smaller,  if 
ach^  and  not  otherwise  held  down,  would  be  carried  off;  and 
idng  the  currents  were  periodical  and  occurring  only  at  stated 
08,  hosts  of  young  shells  at  a  particular  stage  of  development 
t  be  swept  away  at  intervals.  It  must  certainly  be  aUowed 
the  fossils  individually  show  no  perceptible  traces  of  such  a 
ral,  though  to  what  extent  traces  of  this  kind  in  the  shape  of 
ion,  etc.,  would  be  perceptible  in  the  case  of  transportation  over 
t  sea-bottom,  such  as  the  Lower  limestone  in  the  course  of 
ition  would  surely  form,  does  not  appear,  though  we  can  readily 
ive  that  they  would  possibly  not  bo  very  evident.  There  may 
ler  ways  of  accounting  for  the  aggregation  of  so  many  minute 
dves  in  one  locality ;  but  I  certainly  know  of  none  that  so  well 
Ins  the  facts  of  the  case  as  the  one  suggested.  Nor  do  I  know 
y  other  instance  in  the  Permian  deposits  of  Yorkshire  and 
im,  where  we  seem  to  have  such  indications  of  the  influence  of 
it  submarine  currents  in  the  distribution  or  rather  accumulation 
ir  organic  remains. 

3  polyzoan  beds  also  seem  to  be  at  first  sight  an  accumulation  of 
1  materials.  This  is  only  a  natural  surmise  on  finding  so 
entary  an  assemblage  of  remains  as  those  which  enter  so  largely 
he  composition  of  these  strata.  Nevertheless  I  am  disposed  to 
ler  them  the  remains  of  Polyzoa  that  lived  where  we  find  them, 
tiat  the  range  of  the  beds  marks  the  site  of  an  ancient  ground 
16  altogether  (or  nearly  so)  peopled  by  Polyzoa, — where  they 
ind  died  generation  after  generation  for  a  long  period,  the  latter 
ations  growing  on  a  sea-bottom  composed  of  fragments  of  the 
idomsthatpreceded  them,  until  at  last,  owing  toreasonsunknown, 
growth  ceased  after  the  accumulation  of  several  thick  beds  of 
remains.  This  I  think  is  proved  by  the  fossils  belonging  nearly 
ther  to  Polyzoa,  Had  they  been  accumulated  by  the  action  of 
^ent  sweeping  over  the  bottom  of  the  sea,  there  would  surely 
ierved  amongst  them  a  greater  mixture  of  other  species,  more 
ally  as  we  know  that  there  were  several  others  which  helped 
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to  peoiilo  tho  epfl-lwttom  of  tlie  South  Yorkshire  region  during  i3if 
aggregataon  of  the  beds, 

B,  Fossils  of  tlu  Brotherton  Berf*. — ^littie  can  be  eaii  i^k!tm  tft 
any  peculiarities  in  the  distribution  of  fossik  in  the  BrotherUn  Btdftp 
The  chief  feature  b  most  certainly  their  great  paiieity  both  spedA* 
caUy  and  indi\i dually.  The  three  spccioe  which  occur  in  tbcTa  m 
generally  associated ;  when  any  one  of  them  m  found  alone,  it  n 
AA^nm  thihhis.  Their  occurreuoe  is  not  general  throu^out  tht 
vertical  thickness  of  the  beds,  there  being  mauy  of  the  etmta  qniti 
unfosHihferous.  They  characterise  eertiiia  struta,  aiui  on  the  Bpp«t 
surfaces  of  these  they  are  oft^^n  rather  thickly  itf^woiL  "m 
size  of  the  two  Conchifers  which  occur  is  greatly  ittdnood  iM 
Brothcrton  Ecda^  more  particularly  in  the  case  of  Aj^,  dubmi,  - 
it  never  exceeds  half-an-inch  in  width,  while  in  the  haw^F  1 
stone  it  is  at  times  fully  two  inches.  It  sl»o  shows  sliglit  mo 
tions  of  form,  approaching  in  outline  the  varie^  Schhthiim 
Geinitz,  though  somewhat  intermediate  botwoen  it  and 
The  only  species  poculiar  to  these  beds  is  tho  Afga  ah^eady  noricwL 

§  "\-l,     Pennian  Fossih  of  Sit^th   York^are  ^mi/wirfil  vnth^^ 
of  Durhftm, — An  examination  of  the  preooding  table  shows  that  ill 
tho  species,  with  the  exccptioii  of  two,  oocur  in  the  Permian  bcii*  t^ 
Durham  ;  and  both  of  these  are  found  in  the  I^ncashlro  beds.   It  m 
thus  seen  that  none  are  peculiar  to  South  Torkishir©*     It  i«  il« 
evident  that  most  of  the  species  are  not  confiiied  to  the  British  «!», 
several  being  among  the  most  sporadic  of  Penman  speoica.    Out  oC 
the  31  species  25  are  common  to  Germany  and  Britain^  xam-i  flf 
which  existed  in  the  former  region  at  the  pc^od  of  the  Lower  Im^ 
stone.     Ten  speciea  aro  Cflinmon  to  Busek  and  Gonuany,  tnd  a  l«* 
number  (4)  to  Ilussia,  Germany^  and  the  Permian  strata  of  Kdrtim 
America.     The  Uonchifera,  along  with  the  Ctfiihalopod  and  the  B»— 
chiopod,  are  aU  extra- British ;  two-thirds  of  the  former  and  cmI» 
of  the  repr<^entatiTea  of  the  latter  classee  range  through  GctmsBy 
into  Russia.     Ail  the  rohjzaa  are  German ;  but  none  arc  KugMkii  ^ 
Tho  Eni^mmtrara^  with  oae  exception  {Batrdia  SchatiroMana),  v^ 
Gorman,  one  {Kirhhya  PtrnUuna)  haviug  aiao  Rusdan  vari^*- 
The  Rhizopod  is  a  Zeehstoin  s|>eoies.    The  spcdes  rao»t  oonfi&sd  ii» 
their  range  arc  Gasteropods.     Of  the  members  of  this  class  only  OUp^ 
is  Russian,  5  are  German,  and  3  are  peculiar  to  BiitttiB.     ik  i3I# 
5  spt?eies  appear  to  bo  confined  to  the  British  area. 

Compared  with  tlie  Permian  &una  of  Durham— taking  it  ot  \^ 
maximum  development  duiing  the  deposition  of  the  Shell -limcfittiwi* 
— ^thc  group  of  species  found  in  tho  Lower  Limestone  Ibrms  Imt  a 
meagre  life*group  so  far  as  number  of  species  i»  conei^rnoJ^  Hw 
number  of  speciea  composing  the  former  is  IIS,  why 41  of  th«  Uttff 
them  are  only  31.  This  do^  not,  however,  pixive  a  nmty  of  hf^ » 
the  Yorkshire  area ;  for  the  feivneas  of  specie  seomM  to  bai 
counterbalanced  la  some  degree  by  a  greater  individuiU  1 
— the  remains  of  QtrvUliiw  at  Wentbridge,  4^e.,  and  of  7W^  j 
at  Hiuupole,  exeeeding  any  tiling  of  the  kind  to  bo  cib«eoied  ill ' 
most  fossiliferoua  localities  of  Durham*     The  chief 
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«ences,  that  of  Brachiopoda  being  the  most  notable.  In  the  most  fos- 
iferoiis  localities  in  Durham,  Brachiopods  are  the  commonest  fossils. 
.  Yorkshire  the  only  species  of  this  class  that  occurs  is  almost  among 
e  rarest.  The  two  common  Folyzoans  of  Durham — Fenestella  riti- 
ifii/*  and  Si/nocladia  virgula^ta — are  also  wanting,  their  places  being 
iparcntly  taken  by  Acanthocladia  anceps.    The  commonEchinoderm 

Durham  is  absent,  as  are  also  other  species  too  numerous  to  name, 
vera!  of  which  are  common  forms  in  the  Durham  beds.  On  the  other 
ind.  Nautilus  Freieslebeni,  Chemnitzia  Eoe^leri,  Straparolltis  Per^ 
lanus,  ChiUm  Loftusianus,  Manotis  speluncaria,  Macrodon  striatvs, 
TTtbratula  elongata,  Acanthocladia  anceps,  Retepora  Ehrenhergi, 
^tlioJapusiUay  as  well  as  others  that  are  common  to  both  faunae,  and 
bich  in  Durham  and  Germany  are  confined  to  the  lower  and  middle 
ibdivisions,  form  a  most  intimate  relationship  between  the  two,  and 
flford  strong  palseontological  evidence — were  any  wanting — of  the 
iferior  position  in  the  series  of  the  deposits  containing  the  Yorkshire 
roup  of  species. 

Bat  to  form  a  just  comparison  with  the  Durham  fauna,  we  must 
Ake  it  as  developed  during  the  deposition  of  the  Compact  Limestone, 
ht  equivalent — ^in  great  measure — of  the  Lower  Lunestone.  But 
before  doing  this,  it  may  again  be  pointed  out  that  the  fossils  of  the 
Compact  Limestone  do  not  represent  the  earliest  traces  of  Penman 
life  in  Durham,  as  do  those  of  the  Lower  Limestone  in  Yorkshire. 
In  the  latter  county  the  deposition  of  the  Lower  Bed  Sandstone  or 
Bothliegendes  was  immediately  followed  by  that  of  the  Lower  Lime- 
stone ;  at  least  there  was  no  intermediate  deposition.  In  Durham  a 
feposit  of  semicalcareous,  semiargillaceous  sediment  followed  that 
^  the  Bothliegendes,  and  preceded  that  of  the  Compact  Limestone 
■-thus  separating  the  two  deposits  by  a  few  feet  of  calcareous  shale, 
fhich  has  been  named  the  Marl-slate.  It  was  during  the  deposi- 
i<m  of  this  shale  that  animal  life  may  be  said  to  have  first  appeared 
I  the  Durham  area  during  Permian  time, — LiiiguJa  Credneri,  Dis^ 
iia  Koninckiy  and  Myalina  Hausmanni,  with  several  Fishes,  forming 
lis  avant-garde  of  the  larger  fauna  that  afterwards  peopled  the 
me  area.  I  have  little  doubt  that  these  species  were  contempora- 
M  with  those  of  the  fauna  of  the  Lower  Limestone,  though  only  for 
season ;  for  on  the  commencement  of  deposition  of  the  Compact 
mcstone,  another  set  of  species  gradually  took  their  place,  and  be- 
me  in  turn  contemporaries  of  the  same  Yorkshire  species,  which 
[itinaed  to  people  the  Yorkshire  area  while  the  changes  noticed 
>re  occurring  in  Durham.  And  it  was  not  until  the  era  of  the 
mpact  Limestone  that  the  physical  conditions  of  the  Durham  area 
came  analogous  to  those  prevailing  in  the  area  of  Yorkshire,  and 
at  the  distribution  of  species  therein  became,  like  those  of  York- 
ire,  of  an  unquestionably  marine  character.  It  is,  therefore, 
iefly  with  them  that  we  have  to  do  in  comparing  the  contem- 
raxy  faunae  of  the  two  districts. 

As  far  as  we  are  acquainted  with  the  fossils  of  the  Compact  lime- 
me,  they  amount  to  31  species,  thus  forming  a  group  of  equal  num- 
r  with  those  of  the  Lower  Limestone.     A  list  of  these  species  is 
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given  in  the  following  table,  ihe  MoUuica  and  Ftth/zm  of  the  L 
Limestone  beings    pla«^  in   juxtapoaitioii  for  tlid  aake  at, 

comparifion : — 


Cofnpact  Xdme^ione  (Darkam). 

Bentatina  Fermtaiuiv 

Kirkbyn  PermiRna. 
Retepofft  ElironbcfgL 
At^ntho^lfldifl  aiieepA. 
Fenest^Ua  roKforoii*. 
Su^nopont  Mockrothi, 
BjnoAiulm  virguLicei, 

LingiilB  Crednori. 
Diftciiia  Kouincti* 
Productvis  horriduii. 
StrophoJofia  iamijlloM. 

— — -  Goldftiiai. 

Strcptorhvndm*  pelargoaatus. 
Spinfcra  klatA. 
Camarophqm  crumeniL 

globiilinii. 

Bpiriferft  Urii. 
Tenebmtiila  etongota^ 
Monotu  sp^lutic&ria. 
Q«mllia  antiqiu. 

XjedA  EpelmiGaHa. 
A^tart^?  VnUisiiieriiinQk 

— TunstJiUengia. 

Solemja  biarmka. 

— '—  oorniBlii. 

Fecten  pudlliifl. 
Myacitee  timulata. 


Flturotom&riA  TcnuoUL 


Lower  Lh^sione  (South 
shire)*. 


J 


N  K.  pBTtntana, 

9  Rett'j>orn  IClirtTLbrfp. 

*  At^Ajithueliidta  •.nwj*. 

*  Steuoporn  Macikpotld. 


*  Monotie^  ipeluoconi. 

•  - — keratopb^gi, 

«  Axintu  dnbiiiji. 

•  MjoooDcfaa  fOtfiAta. 

*  X4xlftsp«lu 


MyalifiH  HaontniinnL 
CnrcUoii>orpha  PallAiii  j 


• 


Tfaatiloa  PreiCTlebCTii. 
Plijtjiomufl  stmtua. 


Turbo  bclidmu. 
BksflOtt  l^ighi. 
Tujxit  Alt«iabu^ 

NaUiCm  i]iituni& 

Dentaliuin  Sorbji, 
Stnparoi]uji  Pt^rtului 
Nautilus  Pme«diibn)L 


It  18  thufi  seen  that  11   species  are  common  to  both  g 
aniong^t  which  are  the  Cephal<ipod,  5  ConcMfcre^  the  Br«d 
3  Polyzoans,  and  1  Entomoetrocan,  When  we  consider  the  Ji 
of  the  two  areas — their  distance  apart  being  only  about  i*0 1 

•  Tbe  gpeciti  mafkejd  with  HBt^ruikf  oocur  Is  the  Zft^tiUm. 
t  The  Uft  of  ipenca  frqm  the  Compact  Limoetone  it  b««d  apcm  tb*  i 
of  P^^  Kiog^  Mr.  HowM,  Mr.  Mjuiaom,  asd  Mr.  Parker* 
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slight  an  admixture  of  species  is  a  matter  of  surprise,  particu- 
Jy  when  an  examination  of  the  fauna  of  the  TJnter  Zechstein, 
idi  appears  to  have  heen  of  contemporaneous  deposition  with  the 
mpact  Limestone  of  Durham  and  the  Lower  Limestone  of  York- 
re,  shows  that  21  of  the  Yorkshire  species  (viz.  1  Cephalopod, 
rasteropods,  SConchifers,  1  Brachiopod,  3  Polyzoans,  4  Entomostra- 
LS,  and  1  Hhizopod)  were  distrihuted  in  the  German  area  during 

same  period, 
[n  the  Yorkshire  fauna  9  of  the  species  are  Gasteropods ;  in  that 
tlic  Compact  Limestone  there  is  only  a  single  member  of  the  same 
ss.  In  the  Compact  Limestone  fauna  11  of  the  species  are  Bra- 
•opods;  in  the  other  there  is  only  one.  It  is  in  these  respects 
it  the  two  faunae  differ  most.  Five  out  of  the  9  Yorkshire  Cmichifera 
iur  in  the  Compact  Limestone :  among  them  are  the  two  common 
^cies  Ar.  duhius  and  Gerv,  antiqua ;  but  neither  of  these  shells 
common  there.  The  most  common  shell  of  the  Compact  Limestone 
Productiis  korridus.  No  species  is  so  common  as  it ;  Strophalosia 
yfulhsa,  Spirlfera  alata,  and  Camarophoria  crumena  being  next  in 
e  list  of  common  species.  Acanthocladia  anceps,  the  common  Poly- 
an  of  the  Lower  Limestone,  is  not  rare  in  the  Compact  Limestone, 
it  the  place  of  the  common  Folyzoan  is  there  taken  by  Fenestella 
tijonnis.  One  of  the  Yorkshire  Entomostraca  is  found  in  the 
uiiiam  subdivision.  The  lihizopod  Miliolu  pusilla  is  common  to 
^th  faunae,  it  being  accompanied  by  a  Dentalina  in  the  Compact 
mestonc. 

In  these  differences,  in  two  contemporaneous  assemblages  of  Per- 
ian  species,  we  have  a  good  illustration  of  some  of  the  peculiarities 
lat  pertained  to  the  distribution  of  marine  life  in  palaeozoic  times. 
'  is  thus  shown  that,  according  to  present  researches,  there  is  only 
^t  one-third  of  the  species  of  each  fauna  common  to  both  groups, 
^^  leaving  about  two- thirds  that  are  peculiar  to  each.  And  it 
^7  be  remarked  that,  though  all  the  species  peculiar  to  the  South 
^^'tfihire  assemblage,  except  two,  were  afterwards  distributed  in 
6  Durham  area  during  the  Shell-limestone  period,  it  would  yet 
P^ar  that  none  of  those  peculiar  to  the  Durham  group  were  ever 
^JHon  to  the  other.  We  can  scarcely  refer  these  differences 
^e  result  of  geographical  distribution  of  species,  for  we  cannot 

consider  that  the  Permian  deposits  of  Durham  and  Yorkshire 
"^  accumulated  in  the  same  sea ;  so  that  it  would  be  perfectly 
Warrantable  to  ascribe  differences  so  great  in  specific  distribu- 
^  to  an  agency  of  this  kind,  when  the  two  regions  were  so 
^ly  situat^  and  the  nature  of  the  sea-bottom  the  same.  To 
^ges  belonging  to  the  distribution  of  species  in  depth,  however, 
differences  would  easily  seem  referable;  it  being  now  well 
^^\m  that  great  differences  obtain  in  the  distribution  of  marine 

as  the  zone  of  depth  varies,  even  with  short  distances.  I  would 
^^ore  refer  the  differences  observed  in  these  local  faunae  to  a 
tiige  in  the  conditions  of  depth  of  sea  existing  in  each  area,  while 
^  respectivo  deposits  were  accumulating ;  the  difference  being  iu 
^  greater  depth  of  sea  over  the  Durham  area  than  to  the  south- 
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ward  orer  the  other.  It  is  probable  when  wo  a^qum  i  It^ 
imowledgtj  of  the  fossils  occttrring  in  tht*  intervening  tmp^ 
Permian  strata  in  tlie  northern  baH  of  Yorkshire,  that  the  SSbn- 
ence^  noticed  may  be  found  to  bo  the  re&ult  of  gradonl  chanpft  ti 
the  distribution  of  E»pecies.  And  it  \s  poa^blc  that  f^M  fitftllir 
flouth  other  arrangements  of  ^ecK?^  mny  obtain  that  m^  peoilttrli 
their  own  locdities ;  jnj^t  as  in  the  ease  of  the  two  faUewing  M 
faiinsD  which,  in  all  probability,  had  a  oontemponmeotis 
further  to  the  west. 

It  is  worthy  of  attention  that  &eTer«l  of  the  Yorkshire  : 
which  were  of  contemporaneons  exislenoe  in  Germany^  appe»d  B 
the  British  area  first  in  Yorkshire,    This  is  the  caB«  with  VhemmlM 

Tun^tiiUfj  Altenburyenmj  and  Maerodan  3trititim,  which  did  not  ap- 
pear in  til c  DuThom  area  until  the  era  of  the  Shell -Hmestonc,  "  *" 
not  very  e^-ident  whether  in  the  lattx-r  ease  the  migration  wai  1 
the  Yorksliiie  region  or  that  of  Germany ;  hut  as  other  i<tpedi 
oompanied  these  which  do  not  occnr  in  the  Lower  Lim^^one  of  T 
shire,  though  common  to  the  Unter  Zechstein,  it  may  be  pr 
that  it  proceeded  from  ^e  latten  Indeed,  when  wo  n>memb«rtbM 
the  Permian  fauna  attained  its  maxininm  in  Germany  daiiaf  li*i 
period  of  the  TJnterZechBtein*,  and  in  Kn^lnnd  not  mi  til  that  of  4^ 
Bhell- limestone,  it  seems  hicjhly  prebabte  that  a  general  migrttkv^ 
of  species — or  rather  of  their  indiTidualsj  the  apeoies  still  eontini^i0 
in  the  old  area — took  place  to  the  weetwaiT!  wlule  the  middle  portiflai 
of  the  Permian  series  was  being  deposit^,  especially  as  more  tbKV 
half  of  the  additions  to  the  British  faima  during  the  tihcU-limesteiiffi 
period  were  Unter  Zeehstein  apeeies*  fl 

§  YIL  Permian  Foissik  of  i<Quih   Forkshirt  comparrd  ml%  l^fl 
cf  LsnrasJiire. — There  b  another  gronp  of  speeies  with  which  it  ro*^^ 
be  well  to  institute  a  comparison*     I  refer  to  that  belonging  tp  t^- 
Permian  strata  of  Laneashire,  whose  geograpliical  position  ismvTvrM 
the  Yorkshire  beds  than  that  of  the  Compact  Limestone,  thm;^ 
their  vertical  position  in  the  series  i»  not  so  well  determined.    liM 
little  local  fauna  consists  of  only  seven  species  ;  three  of  ihim  «iV 
Gtateropods — viis.  Turbo  h^lidnus  (with  var-  Manmnitrnts),  Bmm 
Leighi  (with  var,  Qih^oni),  and  Natim  minima,     Th^  rest,  with  ih# 
exception  of  a  Sponge{  JW^^o*  Bifiviti/i),  are  OonchilefB— riz.  GtmOi^ 
aTitit^ua,  Aximi^  dufiius,  and  Mijocontha  emWa,      Now  all  th«« 
species,  except  the  Sponge,  occur  in  Yorkshire ;  and  all  of  Ihom  w* 
common  species  there^  but  tho  one  just -named  aiul  iVVrlim  tmmm^ 
Two  of  the  species  we  readily  recognize  as  tho  most  eotmnun  tif  tii 
Torkshiro  fauna.     And  two  of  the  Univalves  (iVafim  minriNU  tnJ 
Emoa  Leighi)  are  in  England  only  found  in  the  Laiumhiii  is^ 
Yorkshire  beds. 

Therefore  making  e very aOowanee  foriheemallnesHof  thi!l4itirttiliir* 
group  of  species  J  there  seems  to  be  a  mnch  more  intiniiitr  nulitlia^ 
ship  between  it  and  the  Yorkshire  fauna  ( Lower  Lmi«gta«Q)r  iha 

*  See  an  cxrellent  t*b!o  of  spePtesi  oociirrinir  iti  tlio  T^ha^sm  of  OssMff.  If 
Biit)n  TOTt  aeh&uroih,  in  the  Zoitwh.  ci  Beat.  ge^U.  Geaell  t8H  pfufii^SN^ 
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between  the  latter  and  the  Durham  fauna  during  the  Compact  lime- 
stone  era.     It  is  certainly  difficult  to  attempt  comparisons  with  so 
small  a  group  of  spedes,  which  may  or  may  not  give  a  fair  idea  of 
the  oiiginal  distribution  of  life  in  that  area,  though  I  incline  to  the 
former  opinion.    We  see,  however,  the  same  ascendency  of  Gastero- 
pods  and  Conchifers,  and  the  same  rarity  of  Brachiopods  that  obtain  in 
the  iaona  of  the  Lower  Limestone  of  Torkshire.  And  in  these  respects 
we  might  almost  argue  a  similarity  of  ph3rBical  conditions  prevailing 
in  the  two  areas.     But  the  absence  of  Fblyzoa  and  the  great  reduc- 
tion in  the  nimiber  of  species  point  to  a  difference  as  great  perhaps 
as  that  which  existed  between  the  conditions  of  the  Yorkshire  and 
Buriiam  areas.  Between  the  Lancashire  and  the  Durham  faunae,  that 
of  Yorkshire  holds  an  intermediate  place.     Its  zone  of  depth,  as 
already  remarked,  was  apparently  not  so  great  as  that  of  the  Compact 
Limestone,  though  decidedly  greater  than  that  of  the  sea  of  the  Lan- 
<2B8hiie  area.     The  founa  of  l^e  latter  appears  to  have  existed  on  the 
'U'gillaceous  and  semicalcareous  submarine  mud-flats  that  lay  off  the 
coast  of  a  Permian  land-area  ;  the  Yorkshire  fauna  certainly  existed 
ftirther  away  in  deeper  water  and  within  the  limits  of  regular  dei)o- 
sition  of  calcareous  sediment,  though  still  towards  the  shallower 
*oue8  of  that  region  ;  the  fauna  of  the  Compact  Limestone  of  Dur- 
^m  seems  to  have  dwelt  still  further  seaward,  where  the  depth  was 
^'^eatest.    These  conclusions  are  in  perfect  harmony  with  the  teach- 
^g8  of  a  more  comprehensive  view  of  the  Permian  deposits  of  Bri- 
^^in ;  for  an  examination  of  them  leads  to  the  opinion  that  the  sea 
2^Hidi  covered  so  much  of  the  British  area  in  Permian  times,  deepened 
*^  the  north  and  east  and  shallowed  to  the  south  and  west.     This  we 
'^^y  easily  prove  by  tracing  the  Permian  strata  from  the  north-east 
^^Jner  of  Durham  south  and  westward,  noting  the  gradual  change 
^"Om  magnesian-calcareous  deposits  to  others  which  are  argillaceous, 
^^*enaceous,  and  conglomeratic, — ^these  lithological  changes  being 
^Mcewise  accompanied  by  analogous  changes  in  the  distribution  of 
^*lie  remains  of  organic  Me,  there  being  at  the  one  extreme  (Durham) 
^  deep-sea  fauna  in  calcareous  strata,  and  at  the  other  (Bristol)  a 
^Conglomerate  charged  with  the  remains  of  Eeptiles. 

As  before  stated,  the  exact  horizon  of  the  fossiliferous  beds  of  the 
Xancashiro  series  has  not  been  determined ;  nor  is  it  easy  to  do  so. 
^ut  it  may  be  suggested  that,  as  the  beds  in  question  (which  are  thin 
limestones  and  marls)  most  probably  represent  the  period  of  greatest 
depth  of  sea  attained  in  the  Lancashire  area  in  Permian  time,  being 
the  only  calcareous  beds  of  the  series,  they  may  easily  be  of  synchro- 
nons  deposition  with  the  Lower  and  Compact  limestones,  which  are 
eonsideied  to  be  representatives  of  the  same  period  in  their  respective 
areas.     This  would  certainly  be  the  case  if  the  depression  of  sea- bot- 
tom, which  originated  the  increased  depth  of  sea,  arrived  at  its  maxi- 
mum in  all  parts  of  the  British  area  at  the  same  time  :  and,  so  far 
as  we  know,  there  is  nothing  that  seems  to  disprove  that  it  did ;  at 
least  it  is  much  more  likely,  when  we  consider  the  nearness  of  the 
Lancashiro  and  Yorkshire  areas,  that  they  were  affected  alike  and 
attained  their  maximum  depth  of  sea  about  the  same  time,  than  that 
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ib^  were  affected  differently  aad  attained  tboir  maxiniimi- 
at  widely  different  periods  •-  Grantmg  the  former,  tlie  ooifl| 
we  have  iriBtitiited  "with  the  LancftBliiro  fauna  ii  attended  wi| 
degroc  ef  interest ;  for  it  then  relates  to  a  group  of  apeedeeof 
poraneouH  exiatenee  with  that  of  the  Lower  Lunestone^aAla 
cf  the  Compact- limestone  group.  j 

I  am  aware  that  Prof,  King  has  mciden tally  suggested  till 
beds  may  ptiasibly  belong  te  the  highest  portion  of  the  £ 
series.  But,  eaccept  the  weight  of  hia  opinion  (for  which  ' 
every  aDowanee),  I  eee  no  fact  that  supports  such  a  viow, 
besides  the  argument  already  offered  in  favour  of  a  differeni 
ficatiou ,  thOTo  is  the  fact  that  four  of  the  species  (  G.  anilqun,  M, 
K,  mmimaj  and  T.  Binne^l)  never  occur  in  the  higher  bc4l 
Permian  series  in  other  parte  of  England.  This  might  nd 
much  con.-^'qwcncc  were  the  distribution  of  species  at  all  vaii 
the  upper  beds,  eo  that  we  might  expect  to  meet  with  speci 
cially  characteristic  of  ecrt^dn  loculitie-s ;  but  there  ib  eo  J 
unifornaity  of  distribntion  in  the  highest  beds  of  the  series — u 
reverse  of  that  in  the  lowestr — that  the  occurrence  of  ipeeies  I 
found  only  m  the  inferior  strata  in  beds  of  uncertain  horiiooi 
cei  tainly  favour  their  classification  with  the  lower  rather  tl 
upper  membera  of  the  aeries* 

§  VIII.  Pm^ianFbmhof  Ireland, — But  the  group  of  Permian 
to  which  the  faima  of  the  Lower  Limestone  approaches  most  el| 
that  occurring  in  the  magnesian  lune&tone  of  Cultra  and  TuUy 
in  Ireland,  described  by  Prof  Kingt,  This  group  eonsifti 
species  j  and  alt  of  them  with  one  ex(]eption  ( Cythert  Tf^rom 
common  to  the  Yorkshire  fauna.  Among  the  MoUugca  nre  Ui 
mon  forms  of  the  Yorkshire  deposit,  as  Gtrv,  antiqua^  A.r.  dtdnM 
eoitfttat  Mj/aL  Hausmannif  T.  htUcinus,  Bts.  Leighi,  and  Tuvm 
burgmMi ;  and  among  the  other  species  there  are  also  Sttn,  Mm 
Tk,  duhtuM^  and  MiL  pu^lla.  The  two  assemblage  have  vcq 
in  common,  the  principal  differencee  being  deficiencies.  £ 
instances  Oonchifera  and  Gssteiopods  are  the  characteristic  Md 
and  in  both,  these  claaaea  arc  pretty  equally  balanced,  Thd^ 
absence  of  Braehwpoda  in  the  one,  and  their  absence  in  tlie  a 
another  point  of  agreement ;  and  the  representation  of  ^fJJ 
rammifi'm^  and  Ent&mmfrnea  by  speeies  either  identic^  er| 
related  completes  the  similitude.  | 

And  it  IB  quite  possible,  in  my  opinion,  that  this  IriAli  ^ 
species  may  likewiHe  have  been  of  contemporaneous  existeoi 
the  fauna  with  which  1  am  comparing  it*  The  horieon  of  thi 
and  Tutlyc(mne]l  beds  is  certjiinl}^  considcn^d  to  be  high  in  thf 
by  Prof.  King,  though,  with  deference  to  the  Profeasor's  dul 
would  again  suggest  the  possibility  of  a  more  appropriate  oil 

*  I  hero  argue  on  the  u»ua1  assumption  of  coIeiirKiui  bedfi  htAtxg  lh«  dl 
of  d<wpcr  tea  than  tliiw*  of  mn  itrgillneooin  and  areniceom  nature  H 
an?  cioeptionA  to  thi»  it  would  he  uiM^Iem  to  dispute ;  but  u  n  ^eoml  niJi 
babjy  holdi  good. 

t  Jouni.  GfloL  Swj.  of  Dublin,  toI  tii.  p.  73-! 
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tion.  In  referring  these  beds  to  the  highest  member  of  the  Permian 
series  as  developed  in  the  North  of  England,  Prof.  King  relies  on 
their  lithological,  chemical,  and  palaeontological  characters,  all  of 
which  are  stated  to  offer  a  remarkably  close  agreement  with  the 
equivalent  features  of  the  highest  Permian  member  of  the  North  of 
England*.  Now,  in  the  first  place,  the  lithological  evidence  of  the 
Upper  Limestone  of  the  North  of  England  is  of  very  little  value  as  an 
aid  to  clasisification.  In  proof  of  tlus  I  would  refer  to  the  Brother- 
ton  Beds  of  Yorkshire,  which  are  as  different  lithologically  from  the 
Upper  limestone  of  Durham  as  they  are  from  any  other  Permian 
limestone  whatever,  though  their  relative  position  and  fossil  remains 
indisputably  prove  them  to  be  of  the  same  general  horizon.  The 
lithological  characters  of  the  Upper  Limestone  of  Durham  are  peculiar 
to  that  county ;  and  so  are  those  of  the  Brotherton  Beds  to  the  ad- 
jcHning  counties  of  Yorkshire  and  Nottingham.  Indeed  to  take  the 
Magnesian-limestone  group  as  a  whole,  I  question  whether  there  is 
any  series  of  rocks  whose  lithological  characters  are  so  variable  and 
di  so  little  value  in  the  classification  of  its  different  parts.  And 
80  it  is  with  the  chemical  composition  of  the  Upper  Limestone.  Even 
in  Durham  alone,  analyses  of  its  different  beds  show  as  great  a  varia- 
tion in  the  proportion  of  chief  ingredients  as  do  analyses  of  limestones 
of  different  members.  Besides,  analyses  of  the  underlying  members 
sometimes  so  nearly  agree  with  those  of  the  upper,  as  to  destroy  the 
worth  of  all  arguments  for  the  identity  of  age  of  different  beds  from 
their  similarity  of  chemical  oompositionf.  And  in  respect  to  the  fos- 
'^y  there  certainly  does  not  seem  to  be  much  reason  for  considering 
them  as  a  group  characteristic  of  the  upper  beds.  Out  of  the  11 
^pocies  that  occur,  6  (viz.  Sten.  Mackrothi,  Th,  dubivs,  Oerv,  antiqua, 
^**'*.  Alienbwrgensis,  Bis,  Leighi,  and  Mil,  pusilla)  have  never  been 
^^^  higher  than  the  middle  subdivision  or  Shell-limestone  of  Dur- 
^^.  ibid,  as  Prof.  King  has  justly  pointed  out,  the  absence  of 
^^yzoa  among  the  species  occurring  in  the  upper  member  is  one  of 
^G  peculiar  characteristics  of  its  fiiunat.  Eor  this  reason  I  must 
^iiclude  that  the  occurrence  of  two  species  of  this  class  in  the  Tully- 
^nnell  deposit  is  opposed  to  its  being  considered  the  equivalent  of 
^^t  member.  Four  of  the  species — yiz.Ax.duhius,  Myal,  Hausmanni, 

*  Loc.  cif.  p.  79. 
j^^t  I  would  refer  to  the  following  analyses  in  corroboration  of  this  assertion. 
^Cle  first  is  one  of  the  Upper  limestone  with  which  Prof.  Kinff  has  identified 
^)ie  Irish  deposit ;  the  otncr  is  one  of  the  Compact  Limestone,  the  most  inferior 
^mestone  member. 

Upper  Limestone^  HartUpooL  Compact  Limestone^  Ferry  Hill. 

Ourbonate  of  Lime     54*5        Carbonate  of  Lime      54*1 

of  Magnesia    44*9        of  Magnesia    447 

Oxideoflron      03        Oxideoflron      0-6 

Earthy  matter     0*3        Earthy  matter     06 

lOOO  10(H) 

Qreen weirs  Mine-engineering,  p.  17. 
♦  Hon.  Perm.  Fo«.  of  England,  Introduction,  pp.  xiv,  xvi ;  and  paper  "  On 
the  Occurrence  of  Permian  Magnesian  Limestone  at  Tullvconncll,  near  Artrea,  in 
the  County  ^  Tyrone,**  Joum.  Qeol.  Soo.  of  Dublin,  toI.  viL  p.  60. 
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Myoch  .cob'fttfa.imdTJul  n-  tn  /  w— are  iindonbt^y  eoni  raon  to  tterpfk^r 
Limestone  ^nd  tli^  TuUycormell  deposit,  tbaugh  likewise  Gomnm  V» 
the  inferictr  beds  ;  and^  had  thej  t^ecurred  alone  or  -witli  otlier  spM 
also  charactemtic  of  the  higher  portion  of  the  seriea,  their  eriJkiiQe 
would  then  have  been  mere  in  fiiTDnr  of  Prol  King^s  soggplad 
classification.  Etit,  m  they  are  a^ocittted  with  other  ep^^,  Rid^ 
OS  St^n.  Mftchroihi,  Eis*  L^igJiK  and  MIL  pusilla^  which^  IB  bB 
tricts  where  the  succemon  of  beds  has  been  determined,  are 
to  the  lo^er  and  middle  parts  of  the  *eri(^» — and  m  they  are  th«a— 
selves  among  the  moat  common  species  of  the  loirer  beds  in  9tmi& 
localities,  it  would  appear  pretty  ci^rtain  that  tho  balance  of  piliwm— 
tological  evidence  supports  a  clasMJfscation  of  the  Cidtra  and  ToUjr— 
connell  beds  with  the  inferior  rather  than  with  the  sapariar  nana.— 
bers  of  the  Permian  series. 

§  IX.  The  Zechsktn.—Himomll  not  allow  myatte^mptang  ODmpsrC  - 
sons  with  the  groups  of  spectie-s found  in  tho  Zeehstein  uf  Gennauy^  tm^ 
to  do  so  would  require  a  wider  scope  than  the  limit  of  thtd  ^ 

permits.     Comparisons,  howcrer,  of  this  and  of  the  other  ^v^ 
species  found  in  the  Permian  strata  of  Britain  with  those  trf  t^ 
Zechstein  wt»uld  most  assuredly  bring  to  light  many  intare^tinf 
connected  with  the  distribution  of  marine  life,  in  time  and 
during  the  Permian  era.  The  intimate  relation  which  exista 
the  marine  fossib  of  the  Permian  rocks  of  Britain  and 
proves  them  to  be  the  remains  of  one  fauna  [>oopJing  the 
graphical  provinee  or  area  of  deposition.     And  to  trace  the 
phases  in  the  history  of  tliis  fauna,  its  peculiaritiee  of  dietributii 
in  space  and  in  time,  its  development^  and  manifold  rektionEt, 
certainly  be  the  work  of  some  paleontologist  when  oiir  kn<mi 
of  it  and  the  strata  containing  it  beeomee  mare  advanced. 

§  X.  Cofichtsion,  iyistnbid'ionofthePermHin  Ftiujha  inT\mi,^hJb^^ 
the  deposition  of  the  Lower  limeiStone  and  during  that  of  theBinil^ 
grained  Dijlomite,  it  would  appear  as  if  there  had  been  a  U>tal  wii 
drawal  of  ypccies  from  the  South  Yorkshire  area.     During  the 
period  in  Durham  the  Permian  fauna  was  at  its  maximtui}^ 
we  have  another  most  i-emarkable  instance  of  local  differeiice  in 
geographical  distribution  of  Pei-mian  species. 

This  exodus  of  apecies  was  in  most  castas  permanent,     Oul; 
are  known  to  return  during  the  depoaiticKn  of  the  Brothertoo 
Others  may  certainly  be  undisooTcred ;  but  so  fer  b&  we  k&ow 
dvhius  and  Mtjalum  Hmimxanni^  accompanied  by  one,  cr 
two,  species  of  AJgm  previously  unknown,  ore  the  only  trnm 
revisit  the  South  Yorkshire  area.     During  the  early  part  of  Lh« 
period  a  few  other  species  were  assoeiatod  with  these  in  Ui#  hi 
adjoining  region  of  Durham.     But  the  Durham  iaunat  Hkje  Hue  C 
Yorkshire,  was  greatly  reduced  in  number,  both  apeciflcallj  ak' 
individually,  compared  witli  its  development  in  the  prrteeding  qi««t»- 
Out  of  its  ]  1 S  Shell -hraoHtone  spe4?ies  only  22  ret^pp<^ir  in  the  Tppr*^ 
Limestone,  (>  new  species  appearing  along  with  them*    lo  tbel^pitf^ 
portion  of  thiw  member  (at  lioker  and  Hartlepool),  tlic  ooJjr 
that  occur  are  the  two  C^nchifens  found  in  the  itr&thertcni  ~^ 
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^  helieinus.  In  the  equiTaleiit  strata  of  the  Zechstein  there  is 
oilar  falling  off  in  the  distribution  of  species  ;  and  the  same  fonos 
iie  characteristic  fossils  there,  Aa:,  duhitis  under  its  **  Sehhiheimi^* 
Bcter  being  the  most  common.  It  would  thus  appear  that  in 
whoLd  of  the  West  European  area  there  was  a  most  remarkable 
ease  in  the  Permian  fauna  during  the  period  of  deposition  of  the 
er  Permian  strata,  the  decrease  being  greater  towards  the  dose 
at  the  beginning  of  that  period,  and  affecting  the  same  classes, 
even  the  same  species  in  most  cases,  in  the  different  parts  of 
area,  thus  leaving  a  similar  though  exceedingly  meagre  group 
edfis  distributed  throughout. 

EXPLANATION  OF  PLATE  VH. 

U  2,  4,  5,  6.  Riaaoa  Leighi^  Brown.  Five  specimens  illustrative  of  iU 
TMiation  of  form ;  magnified  about  14  times.     Hampole. 

.  Risaoa  Leighi^  Brown.    Toung  individual ;  magnified  16  times.  Hampole. 

\  8.  NaHca  minima  ?  Brown.  Outer  Up  of  specimen  imperfect ;  mag- 
nified 12  times.    Hampole. 

K  10.   TttfTitella  Altenburaensis,  G^einitx.     Magnified  16  times.    Hampole. 

L .  Axiniis  dubius,  Schlothcim.  New  variety.  Cast ;  somewhat  enlarged. 
Moorhouse. 

i.  Axif nts  dulnus,  Qchloiiiieim.  New  variety.  Cast ;  somewhat  enlarged. 
Coniaborough. 


Mabch  20,  1861. 

i3  following  communications  were  read : — 

^te$  on  a  Collection  of  Fossil  Plants  from  Naopur,  Central 
u.   By  Sir  Charles  J.  F.  Bunburt,  Bart.,  F.R.8.,  F.G.8.,  <kc. 

[Plates  VIII -XII.] 
Irodwiian, — It  is  now  some  considerable  time  since  the  fine 
;tion  of  fossil  vegetable  remains  from  the  district  of  Nugpur  in 
•al  India,  which  had  been  presented  to  the  Geological  Society 
e  Rev.  Messrs.  Stephen  Hislop  and  Robert  Himter*,  was  en- 
m1  to  me  for  examination  and  description.  Owing  to  the  obscure 
quivocal  character  of  many  of  these  remains,  the  undertaking 
d  more  tedious  than  I  had  expected,  and  tliere  still  remain 
specimens  to  which  I  have  not  yet  been  able  to  give  a  thorough 
[nation.  But,  as  particular  circumstances  make  it  unlikely 
I  should,  for  some  time  to  come,  have  sufficient  leisure  to 
9  to  this  pursuit,  I  think  it  best  to  lay  before  the  Society  at 
lie  results  of  my  inquiries  as  far  as  they  have  yet  gone,  rather 
x>  keep  them  back  for  an  indefinite  time  in  the  hope  of  com- 
g  them.  The  present  paper,  therefore,  will  contain  the  descrip- 
f  all  the  Ferns  in  the  collection,  and  of  all  those  remains  of 
and  Leaves  of  other  kinds  which  I  have,  to  the  best  of  my 
r,  sufficiently  examined;   these  altogether  constitute  nearly 

*  See  Quart.  Joum.  Geol.  Soc.,  voL  zi.  p.  'MS  and  p.  369. 
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thrDe-fourths  of  th(*  t!oUe*:tion.  The  FruitB  and  Seeds,  of  wMch  &fe 
sped  mens  are  pn^tty  uuraerotm,  but  obsour«  and  diffieoli  to  determioe* 
are  reseired  for  further  examiiiatioii.  I  may  obserre,  howerrr^tlut, 
though  numerous  in  individuals,  thcj  seem  to  be  litti«  varied  in  fonu 
and  character,  and  present  no  outward  evidcncefi  af  a  bl^  Qtpsm^ 
tion. 

The  general  remarks  which  form  tho  Litter  part  of  thi*  pi^ 
are  founded,  1  must  ohseirej  not  merely  on  the  close  oiaminfltwn. 
which  T  have  giyen  to  the  speciinens  herein  described,  biit  oi  a. 
general  survey  of  the  whole*     It  is  possible  that  a  moro  mintit^ 
examination  of  the  remainiBg  fossik  (the  Fruits  and  Seeds)  m] 
partially  modify  aome  of  the  ooncluaions  1  hay€  dmwii|^ — ^bat  not, 
think,  to  any  very  material  ext^iL 


1 


FEBNS. 

1  (a).  Glossopteeis  BaowxuKA,  var.  Imlka,  Ad.  Brongn.  Hiit  V«^* 
Fosa.  p,  223,  pL  m,  t  2.     PL  TIIL  %b.  1-4. 
ITue,  as  appears  from  the  very  numerous  specimens  in  the  eoBot— ' 
tion,  is  one  of  the  most  common  plants  of  the  supjjotieii  JurmebA* 
of  Nugpur.     Exceptijig  one  doubtful  fragment  from  Kumptij  all  tb.^ 
B|)ecimens  are  from  Silewiu/d,  and  are  very  niimeri>iis,  of  laip'  m.umw 
and  in  a  fine  state  of  preservation  ;  yet  even  among  tliese  it  IB  not  wo** 
to  find  a  frond  with  both  extremitiea  perfect.     Owe  eiiM.'diueiii  tboaffl* 
broken  at  both  ends,  still  meaaures  14  inches  in  k^gthj  and  ©o*^ 
have  nieaBurf'd  at  least  17  inches  when  perfect.     Another  taim«»* 
perfect)  is  14  inches  long;   the  largest  I  have  seen  is  16  iacb^* 
lung  in  its  present  state  (with  tfie  apex  broken  off),  and  must  Cf«^-^ 
tainly  have  been  18  inches.     C>n  the  ^'liole^  from  a  coropiLm-jn  <^» 
numerouij  speeiraens  from  this  locality,  we  may  say  that  the  fulX— 
grown  fronds  were  from  10  to  18  inehea  in  length  (excluaiTe  of  !i»* 
stalk),  and  seldom  more  than  2  J  inches  in  their  greatest  bi«odtfe* 
The  outline  of  the  frond  in  all  these  fine  specimens  horn  Sikipi^ 
is  narrower,  more  lanceolate ^^  and  more  tapering  to  a  point,  than  ii» 
Brongniart*s  original  Australian  plants,  and  even  than  in  his  fig^ir* 
of  the  Indian  variety  (pL  62.  fig.  2).     Like  the  Auutralian  pbwjt, 
howcier, it  always  tapers  very  gradually  to  the  base,  passing  ulsw** 
insonsibly  into  the  stfdk  (of  which  btit  a  smaU  portion  is  pFe^j^n^  ^    i 
any  sptfcimen  that  I  have  seen) ;  and  the  greatest  breadth  is potfdf    | 
ftbore  the  middle.    The  apex  of  the  frond,  whereYetr  it  is  pieiatc4 
always  tapers  regularly  into  a  very  aeuto  point. 

The  midrib  is  remarkably  broad,  but  flattish,  and  not  very  prooii* 
nont  J  s  Erongly  striated ,  tapering  very  grndn  all  y  upwards,  an  d  peaciiDi 
quite  to  the  point.  5f orris  long  since  remarked  (in  Count  HtntiteUV 
*  Nc^;  South  Wales/  p,  248)  Uiat  the  venation  of  tbi  fpioO* 
examined  by  him  did  not  altogether  agree  with  Bromgniftrt^i  todip*' 
tiouj  and  that  the  reticulation  of  tho  hiteral  veins  was  Boi  oon(bt4  <» 
the  neighbourhood  of  the  midrib,  but  that  tbey  aaaitomflid 
repeatedly  at  various  distances  between  the  midrib  and  the  iii«^ 
Brongniait  has  since  repeated  (in  hi*  *  Tobleun  des  OenuM  <fe  V*if. 
Foss/)  his  original  chameter  of  the  gouus,  without  taking  14^ 
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notice  of  Morris's  remarks.    My  observations,  however,  both  on  the 

Kdgpor  specimens  and  on  the  numerous  Australian  ones  which  I 

have  examined,  agree  with  those  of  Morris.    The  lateral  veins 

(which  ore  very  fine  and  dose)   are  repeatedly  forked  near  the 

midrib,  and  there  form,  by  the  anastomosing  of  their  branches,  a 

conspicuous  reticulation,  of  which  the  meshes  are  somewhat  oblong. 

Towards  the  margin  they  become  nearly  parallel,  forking  very 

sparingly,  and  anastomosing  at  long  intervals,  so  as  to  form  very 

long  and  narrow  meshes ;   but  still  they  do  anastomose  here  and 

there,  even  to  the  margin.     The  venation  of  the  New  South  Wales 

OJompttris  agrees  in  these  characters  with  that  of  the  Indian  plant ; 

and  one  of  Brongniart's  figures  (fig.  1  a,  pi.  62)  represents  the  veins 

correctly,  though  somewhat  at  variance  with  his  own  description. 

In  the  Ndgpur  specimens  which  I  refer  to  this  species,  I  find 
Bome  degree  of  variation  in  the  fineness  and  closeness  of  the  veins — 
such  an  ambunt  of  difference,  indeed,  occasionally,  as  might  at  first 
Mght  seem  to  imply  a  distinction  of  species ;  but  there  are  so  many 
intermediate  gradations  that  I  do  not  find  it  possible  to  draw  the 
line.  I  think  it  probable  that  these  differences  may  depend  partly 
^pon  the  age  of  the  frond,  partiy,  perhaps,  upon  various  conations 
attending  the  fossilizing  process,  as  I  have  observed  that  the  apparent 
closeness  of  the  veins  in  some  recent  Ferns  is  influenced  by  circum- 
^^ces  in  the  process  of  drying. 

^0  position  of  the  fructification  is  indicated  in  several  of  these 
"P^ciincns  by  small  round  spots,  very  regularly  arranged  in  1  or  2 
'^^s  parallel  to  the  margin — ^the  outermost  row  at  but  a  short 
^^xiee  from  the  margin,  the  inner  about  half-way  between  the 
onter  and  the  midrib.  When  there  is  only  one  row,  it  is  always 
^Dd  inner  one  that  is  wanting.  In  these  spots  I  can  find  no  organic 
^^cture  at  all,  but  only  little  lumps  of  the  sandstone,  as  if  not  only 
^^  8ori  themselves,  but  the  very  substance  of  the  frond  had  decayed 
^  been  displaced  at  these  points.  I  think,  however,  from  the  regu- 
"lity  of  their  form  and  arrangement,  there  can  be  no  doubt  that 
^^7  really  indicate  the  places  of  the  sori. 

1  perceive  no  trace  of  scales  on  the  midrib  or  stalk  of  even  the 
best-preserved  specimens. 

M.  de  Zigno  has  expressed  an  opinion  that  the  GlossopUHs  Brown- 
itttia  had  a  compound  or  digitate  frond,  as  the  allied  Saijenopteris 
JPkillipsii  had ;  indeed,  he  quotes  a  report  that  a  specimen  had  been 
found  to  establish  this  fact.  I  confess,  however,  that  I  can  find 
nothing  in  corroboration  of  his  opinion.  Among  the  numerous 
specimens  I  have  examined  of  the  Indian  Olossopteris  (some  of  the 
large  slabs  of  stone  from  SUewd^^d  containing  as  many  as  ten  or 
twelve  fronds),  I  can  see  nothing  to  indicate  that  the  leaves  were 
portions  of  a  divided  or  lobed  frond,  or  were  otherwise  than  simple 
fronds,  like  those  of  our  Hart's- tongue  Fern,  or  of  the  Bird's-nest 
Attplenivm  {A,  nidus,  L.).  Neither  can  I  find  any  different  struc- 
ture in  this  respect  in  the  Australian  specimens  of  Olossopteris  that 
I  have  seen,  nor  does  McCoy  mention  any  in  his  memoir. 

Br.  McClelland  (Beport  of  the  Geological  Survey  of  India,  1850)  has 
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indeed  figured*  a  specimen  of  Oloss&iJferis  which  might  at  first  mghl 
be  supposed  to  »how  a  digitate  form  of  frond ;  but  on  exnimfialka 
of  the  dniwing,  it  is  clear  that  the  leavea  did  not  nil  gmwiat^ 
same  plane,  and  that,  instciid  of  being  leaflets  of  a  dictate  froal, 
they  are  rcaUj-  siTiiple  fronds  grovring  in  a  tuft  (bb  i»  m  ixmam  m 
recent  Fcms)  fi'ora  a  short  tliick  rhi^oma.  His  desicriptioE,  too^ 
though  not  rery  clear,  suf^cientlj  indioatcd  that  ha  iind^ntood  tb* 
structure  as  I  do.  8uch  a  specimen,  nerertboLces,  iU  ujidorBtwd^ 
maj  easily  have  giveu  rise  to  the  report  i^uoted  by  D0  H%iio. 

NotwithBtanding  this  difference  in  the  fsom^cm%m  ol  the 
between  the  typical  species  of  Glosmptiris  and  of  StigemopUfUf  1 
agree  with  Do  Zigiio  in  doubting  whether  the  two  genera  aie 
ciently   dbtiuet.     In    specimens    of    Sagemtpierii   FkiUip$li 
Scarborough,  I  find  the  venation  §0  similflr  to  that  of  the 
OlossopteriB,  that  it  would  be  very  difficult  to  found  a  generic 
ence  upon  this  character*     Some  of  the  Indian  formB  of  (^tm^^ 
certainly  depart  more  widely  from  Saffimpteris  in  their  ^eaatiaii 
but  there  are  others  again,  m  I  shall  presently  mention,  wMch  ihow 
truly  intermediate  characters,    ITie  fructifitation  of  S^i^^n^pum ' 
still  entirely  unknown ;  and  it  is  poeaible  that,  when  discoverrd, 
may  provo  the  two  genera  to  be  quite  diatinet ;  but  in  the 
state  of  our  knowledge,  I  sec  no  sufficient  reason  for  keeping  thmi 
separate. 

If  it  be  tliought  exiK>dicnt  to  reunite  these  genera,  the  name  of 
Olossopteris  certainly  oaght  to  bo  retained^  as  the  older  and  per- 
fectly unobjectionable* 

On  comjiariag  this  Indian  Ghs90pUrh  with  the  i^ommon  Aastta— 
lian  O,  Brownimm,  allowing  for  the  apparent  diflTerences  prodaa^ 
by  the  nature  of  the  stone  and  the  state  of  preservation  of  Ih^ 
specimens,  I  can  find  no  satisfactoiy  speciflti  distinction;  th» 
venation  is  etssentially  the  same.  We  may  indeed  find  Indian  «pcd-* 
mens  in  which  the  meelies  of  the  reticulation  near  the  midrib  ar^ 
larger  and  broader  than  in  the  ordinary  Amtralian  plant,  and  atla«9^ 
in  which  the  veins  are  mono  strongly  i^currtKl :  but,  in  both 
Indian  and  Ausitralian  plants,  I  find  so  many  ishades  of  i^rktios 
these  parti eulai-s,  that  I  cannot  attach  much  importance  to 
The  general  form  varies  considerably  in  the  Australian  sj^anuoft*^ 
and  is  oftcu  quite  as  narrow  as  in  those  tram  Nagpur;  tlie  apfc^ 
also  varies  in  the  Australian  plants  fi'oin  vniy  obtui^c,  und  evtm  rthm^^ 
to  rather  acute,  though  I  admit:  that  it  is  never.  In  the  spedmeos  C^ 
have  seen^  as  aeut€  as  in  the  Indian,  I  Jiave  seen  no  tftoe  «if  ihioli-^ 
fication  in  Australian  Bpe^tmons,  nor  is  any  mentloiioil  hj  M«€ay^ 
on  the  other  hand^  I  am  unacquainted  with  tiba  filliaiiifl  of  f 
Indian  Qh^<^pftriB,  In  the  absence  of  these  unpoitaiil  fioiate 
comparison,  we  cannot  feel  certain  of  the  speciflc  agroemfint  ii  ^ 
two. 

With  respect  to  the  affinities  of  GUysgopUris  to  reeimi  fem^ 
am  not  able  to  add  anytJiing  to  what  Bnmgniart  hxui  ttldL  d 
form  and  position  of  the  son  indicate  its  plaoc  eithtii:  la  thabiboa^ 

LJ?L  14.  %.  3. 
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Polypodiea  or  of  AspidUcB ;  but  no  recent  genus  of  either  of  those 
groups  has  the  same  venation.  In  this  latter  respect  some  of  the 
Acro9ti(he<B  approach  nearer  to  Qlossopteris ;  but  the  reticulation  of 
their  veins  is  always  more  uniform. 

Among  fragments  of  fossil  plants  from  Bloemkop,  South  Africa, 
ooliected  by  Dr.  Eubidge,  and  exhibited  before  the  Geological  Society 
Kov.  17, 1858,  there  are  two  forms  which  appear  allied  to  Olosso- 
pUriSy — one  a  narrow,  somewhat  lanceolate  &ond,  with  veins  nume- 
rous and  very  fine,  resembling  in  direction  those  of  G,  Browniana, 
not  very  evidently  anastomosing  (but  this  was  perhaps  rendered  ob- 
scure by  the  bad  state  of  the  specimen) ;  the  other  consisting  of 
mere  fragments,  with  veins  forming  a  lax  and  regular  network — 
perhaps  more  like  the  venation  of  Dictyopteris  than  of  Ghssopteris, 

1  (b).  Glossopteris  Bbowniana,  var.  Australasia ,  Ad.  Br.  Hist. 
Yeg.  Fobs.  pi.  62.  fig.  1.     PI.  VIII.  fL^,  5. 

I  find  two  specimens  which  have  the  form  usual  in  the  Australian 
specimens  and  considered  by  Brongniart  as  typical  of  the  species — 
iMunely,  tongue-shaped  or  subspathulate,  with  an  obtuse  apex.  Both 
are  small :  the  larger,  in  fine  reddish-white  sandstone  from  Bharat- 
vafW,  is  5  j  in.  long,  1|  in,  in  maximum  breadth  ;  the  other  (in  a 
^^oarse,  blackish,  micaceous  sandstone  from  the  foot  of  the  Mahddewa 
Hills)  3J  in.  by  1  in.  Venation  rather  ill  preserved  and  indistinct  in 
^th,  but  apparently  agreeing  with  the  Australian  specimens. 

2.  Glossopieeis  mu&bfoua,  n.  sp.?     PI.  VIII.  fig.  6. 

Several  specimens  of  a  Olossopteris,  both  from  SilewddA  and  from 

J^pti,  appear  to  belong  to  a  different  species  from  that  first 

Scribed,  though  none  of  them  are  complete  enough  to  be  quite 

^osfactory.     The  direction  of  the  veins,  which  (unless  very  near 

^eir  base)  are  straight,  and  almost  perpendicular  both  to  the  midrib 

*°*^  to  the  margin,  might  cause  the  plant  to  be  taken  for  a  Tcenio- 

■'*^^*^;  but  these  veins  are   in  fact  dichotomous,  and  anastomose 

?P^tedly  near  the  midrib.     They  are  extremely  numerous,  very 

^^^  and  close,  and  for  the  greater  part  of  their  length  quite  parallel. 

.^^des,  the  frond  is  much  broader  than  in  G.  Browniana  (3  to  4 

^"^  V)road),  and  appears  to  have  been  quite  rounded  at  the  apex ;  the 

r*^*"^^  apex  however  is  not  perfect  in  any  specimen  that  I  have  seen, 

L?5^  do  any  show  the  form  of  the  base.     The  frond  appears  to  have 

jP^ti  of  thin  substance,  and  apt  to  split  or  tear  transversely  in  the 

^^tion  of  the  veins,  like  the  leaves  of  the  Banana  {Musa),     One 

^^cimen  shows  remains  of  fructification  in  round  spots,  arranged 

in  O,  Browniana. 

^ems  are  so  variable  that  I  feel  some  doubt  whether  this  may 
^^  hereafter  prove,  when  better  kno^Ti,  to  be  a  variety  of  G, 
^owniana,  I  think  I  see  in  some  specimens  a  tendency  to  inter- 
mediate gradations  of  character;  yet  in  living  Ferns,  as  far  as  I 
^Hive  been  able  to  observe,  the  direction  of  the  veins  appears  to  be 
^^ry  constant  in  each  species,  even  in  such  variable  plants  as  Scolo^ 
^^ndrium  offidnarum  and  AspUnium  nidus.     As  the  characters  of 


8K)  PEOCSBSDfOB  OF  TUB  &I50WMJ1CA1*  fldCHnr.  [ 

the  present  plant  are  stiffldenUy  Btrilcmg^  I  tMnk  it  bcit  t 

guish  it,  provisionally,  as  a  species.     It  may  he  dumd 
follows : — 

Frond  broadly  oblong,  rounded  and  v^ry  obtiij?o  at  the  ap 
veins  vory  alender,  very  nrncb  crowded,  dichotomooa,  nearlj^ 
dicular  to  the  midrib  aad  the  maip^n,  near  the  baae  oiil^ 
and  anastomosing, 

Glossopifrig  frowhsa,  MeClelland*,  has  some  resemblanc 
especiiilly  in  general  form ;  but  neither  the  figure  nt»r  the 
tian  enables  me  to  identify  the  two.  If  they  be  the  eame» 
important  charaeters  of  the  venation  are  overlooked  by  ths 

3*  Glossopteeis  tEFTOiCETraA,  n-  sp.  ?  PL  IX.  figa,  L 
Knmerous  specimens  in  sandstone  from  Kampti ;  th 
generally  in  great  numbers  on  the  enrfaee  of  each  Hlab  of  m 
lying  confusedly  together,  so  that  hardly  any  frond  h  v 
its  whole  length;  it  appears  that  the  plant  must  have  g 
great  abtmdattce  in  particular  spots,  1  at  tirtt  took  tliis  e[ 
the  GJomopteriB  antf^mtif^Ua^  Ad*  Br,*  which  it  ro»emblee  in 
but,  judging  from  the  figure  and  deaeriptioii  of  that  etpe^i 
venation  is  essentially  different.  In  O,  an^usti/afUt,  the  ^ 
pear  to  be  coarse  and  rather  distant,  and  sparingly  anasi 
near  the  midrib  only ;  in  our  K^mpti  plant  they  are  very 
close,  and  anastomose  rtpentedhf  throughout  their  lengthy  e 
to  the  margin,  forming  almost  as  regidar  a  network  as  in 
pieris  PhiUip&ii^  Our  plant  agrees  more  nearly  (ind^d  ver 
with  O.  Uiiearh^  McCoy;  but  the  Teins  are  much  more 
than  they  are  described  in  that  speeiea^  and  quite  as  mad] 

The  frond  of  this  GloisopUrls  is,  like  that  of  O,  ttnmi 
narrow  in  proportion  to  its  length,  isith  nearly  parallel  i 
some  of  the  moat  nearly  complete  specimeas  are  44  to  4 
long,  with  a  bn^adth  of  only  half  an  Inch ;  tho  apex  acutei 
remarkably  so  than  in  the  Nagpur  form  of  Q»  Btownimui  j 
tapering  verj-  gmduaUy  into  the  foot^^talk. 

One  very  small  fmnd,  from  Kdmpti,  apparently  a  yottUg 
this  species,  hm  presci-vod  tljo  whole  of  its  leafstalk  or  stipe 
I  have  not  seen  in  other  instances ;  this  stipes  is  mueh  ihoi 
the  frond,  narrow,  and  rather  suddenly  dilated  at  the  bastv 

Intermixed  with  the  narrow  linear  fronds  which  I  have  d 
I  find  others t  in  much  smaller  numbers,  of  a  bttiader  fen»^ 
or  somewhat  lanceolate,  but  with  precisely  tho  same  Teaatki 
narrow  ones.  They  have  the  form  of  0,  Brownianct  Indtm 
still,  I  think,  clearly  distinguishable  by  their  finer  ^^tm 
more  uniform  reticulation  of  these  veinSp— *the  venatii^Dy  ui  & 
that  of  Siitjtnoptiris,  Tht^se  broader  fR*nd8  appear  to  oie  t 
to  th©  same  spccios  with  the  narrow  lin^r  oneii;  it  luay  b(^ 

*•  Epport  of  Qisol  Siipwy  of  Indfft.  p^  ft5»  pi.  !5*  t^ 

t  Ad  Broagn.  llint.  V^g.  Fo«.  2^,  pi  ci  t  L         ^ 
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(as  in  the  case  of  the  narrower  and  broader  fronds  of  Sagenopterts 
Fhmipsii)  whether  the  two  are  to  be  considered  as  varieties,  or 
(which  I  am  rather  inclined  to  believe)  as  two  different  forms  of 
frond  which  may  occur  on  the  same  plant,  as  many  recent  ferns 
hare  biformed  fronds.  I  can  find  no  trace  of  fructitication  on  any  of 
the  specimens  of  O.  J^pUmeura ;  nor,  again,  is  there  anything  to 
indicate  that  they  were  otherwise  than  really  simple  fronds. 

U  SagenopUris  is  to  be  distinguished  as  a  genus  from  Olossopteris 
by  its  venation,  the  present  species  will  be  referable  rather  to  the 
first  of  these  genera ;  but  it  appears  to  me  that  this  and  the  G. 
UwariMy  McCoy,  are  rather  to  be  considered  as  connecting  links  tend- 
ing to  reunite  the  two  supposed  genera. 

The  distinctive  characters  of  my  Olossopteris  lepioneura  may  be 
thus  expressed : — 

Frond  narrow,  nearly  linear  (qu.  sometimes  lanceolate  ?),  rather 
acate  at  the  apex,  tapering  very  gradually  at  the  base  into  the  stalk. 
Midrib  narrow,  continued  to  lie  apex.  Side-veins  very  fine,  very 
oblique,  arched,  dichotomous,  anastomosing,  and  forming  a  complete 
netwo^  from  the  midrib  to  the  margin. 

4.  Glossoptebis  stbicta,  n.  sp.  ?    PI.  IX.  fig.  5. 
Of  this  there  are  very  few  specimens ;  but  the  plant  appears  a  di- 
stinct one,  almost  ambiguous  in  characters  between  Olossopteris  and 
Timopteris — at  first  sight  more  resembling  the  latter.     Midrib  very 
fcroad  and  strong.   Lateral  veins  very  numerous  and  close,  perpendi- 
cular to  the  margin  (as  in  Toeniopteris)  and  almost  straight,  only  a 
little  arched  at  ti^e  very  base ;  more  than  once  forked,  and  anasto- 
^Mting  near  their  hose — ^that  is,  near  the  midrib.  This  venation  agrees 
pi^  closely  with  that  of  O.  muscefolia,  No.  2  ;  but  the  frond  is  of 
•  different  form,  narrow,  strap-shaped,  with  nearly  parallel  edges, 
^J  very  slightly  widening  upwards ;  it  has  a  much  more  firm  and 
Jpd  appearance,  showing  no  tendency  to  bo  waved  or  crumpled. 
^®  best  specimen  (with  both  ends  broken  off)  is  9  inches  long,  and 
'j^er  more  than  1  inch  in  greatest  breadth.    The  anastomosing  of 
^^  Veins  is  most  apparent  in  the  lower  part  of  the  frond. 
-toe.  Silewa^d  and  Kdmpti. 

5.  Pbcoptebis?  pi.  IX.  figs.  6S. 
J^  single  specimen  from  Kdmpti.  A  doubtful  Pecopteris,  with  con- 
,  ^^ble  resemblance  in  outline,  and  apparently  also  in  the  venation 
^^ch  however  is  very  obscure),  to  P.  Plukenetii,  Ad.  Br.  The  spcci- 
7^^  is  ill  preserved ;  but  the  frond  appears  to  have  been  large  and 
'^  compound — ^tripinnatifid  at  least.  The  portions  which  are  pre- 
?^ed  are  probably  the  upper  or  terminal  part  of  the  frond  (which  is 
fPUinatifid)  and  two  of  the  lateral  pinnae  or  branches  (also  bipinna- 
"^4).  Main  rachis  slightly  winged  or  bordered.  Pinnae  (of  the 
^^^nd  order)  long,  nearly  linear  in  their  general  outline,  spreading 
^^ly  at  right  angles  to  the  main  rachis,  pinnatifid ;  ultimate  pin- 
^CB  nearly  round  (rounder  than  in  any  form  of  P.  Plukenetii  figured 
*y  Ad.  Br.),  alternate  or,  in  parts,  nearly  opposite,  united  from  their 
^^•e  nearly  half-way  up,  entire,  diminishing  very  gradually  towards 
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the  extremity  of  the  pinna ;  the  teiminal  one  small,  roundish,  not 
much  separated  from  the  next.  Veins  (very  indistinct  in  the  speci- 
men) scarcely  agreeing  with  the  generic  character  of  Feeopteris,  \nlt 
well  enough  with  those  of  P.  PluJcenetii,  as  represented  hy  Ai 
Brongniart,  tab.  107.  fig.  3a;  midrib  faint,  not  reaching  to  the 
apex,  but  breaking  into  very  oblique  and  repeatedly  forked  side- 
veins. 

In  outline  this  plant  strongly  resembles  Odontopteris  Schlcthtind, 
Ad.  Br.  t.  78.  f.  5,  except  that  the  pinnules  ore  smaller  and  more 
numerous  on  each  branch  ;  but  the  veins  are  quite  different.  Hw 
venation  approaches  to  that  of  some  species  of  Sphenoj^teris ;  but  the 
plant  cxinnot  well  be  referred  to  that  genus,  for  the  form  and  position 
of  the  pinnae  and  pinnules  are  those  of  a  Pecopteris  of  the  section 
Unito!,  It  has  much  resemblance  to  a  fern  from  the  anthradte-slatei 
of  Savoy  (No.  9  of  my  paper  in  Quart.  Joum.  Geol.  Soc.,  voL  t. 
p.  140),  which  is  referred  by  Heer  to  Pecopteris  PhJcenetii.  One  d 
McClelland's*  figures  of  his  Pecopteris  affiiiis  (pi.  13.  ^g,  11  *)ha8 
a  resemblance  in  outline  to  this  plant ;  but  the  figure  is  too  imperfect 
to  allow  of  identification, 

6.  Cladophlebis.     PI.  X.  fig.  1. 

A  very  small  fragment  of  a  Fern  (from  Kiimpti),  not  to  be  named 
or  identified  from  such  very  imperfect  mat^^rials,  perhaps  belonging 
to  Pec<>pteris  Limlleyana  (of  which  I  have  seen  no  specimens  nor 
satisfactory  descrii)tion),  evidently  different  from  any  other  in  thii 
collection.  It  may  be  referred  to  Brongniart*s  genus  CladophleM 
(corresponding  to  Pecopteris,  section  Neuropteroides,  of  the  Hist.  V^. 
Foss.),  the  venation  being  intermediate  between  that  of  NenropUm 
and  of  Pecopteris.  Pinnules  about  as  large  as  those  of  Neuropterit 
Loshiiy  and  a  good  deal  like  them  in  shape,  but  more  oblique ;  the 
base  not  cordate,  but  oblique  or  unequid-sided,  and  (as  in  C?«fo- 
phlebis  pteroides)  only  partially  attached  to  the  rachis.  Midrib 
more  continuous  than  in  Netiropteris,  but  less  than  in  the  typical 
Pecopterids ;  side-veins  very  oblique,  but  less  arched,  less  crowded, 
and  more  sparingly  branched  than  in  Neuropteris  proper. 

I  find  another  fragment  from  Kampti,  which  I  am  inclined  to  refer 
to  this  same  plant,  although  it  is  in  a  state  which  renders  its  deter- 
mination doubtful.  It  appears  to  be  a  portion  of  a  Fern,  with  the 
leaflets  reduced  (probably  by  decay  previous  to  fossilization)  toi 
skeleton,  little  else  remaining  of  them  than  the  veins ;  whence  the 
fragment  might  be  taken  at  first  sight  for  some  delicate  Sphenopltrik 
It  is  well  known  that  the  SpJunopteris  myriophyUum^  Brongn.,  wn 
founded  on  a  specimen  in  a  similar  condition. 

7.  TiENioPTERis  DANJcoTDEs,  l[cClell.  ?     (Glossoptfris  danaaidttt 
Boyle?)     PI.  X.  fig.  2. 

The  specimens  of  this  (in  sandstone  from  Kdmpti)  are  but  few  isd 
very  imperfect ;  but  they  belong  (as  far  as  can  be  seen)  to  Broog- 
mart's  genus  Tceniopt€ris,  and  may  be  the  same  species  with  the 

*  Report  of  Geological  Surrey  of  India,  1850. 
t  Tableau  dee  Genres  des  V^g^ux  Foanles. 
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Ohsttfterii  danasaides  of  Royle,  which  is  very  properly  referred  by 
Mcddland  to  Tcmiopteris.  This  Ndgpur  plant  has  also  a  striking 
fesemhlance  (as  &r  as  can  be  judged  from  such  frngmcnts)  to  the 
Tteniopteris  major,  L.  and  H. ;  but  the  imperfect  state  of  our  mate- 
rials docs  not  idlow  us  to  identify  them. 

Is  it  not  possible  that  this  plant,  and  also  the  Tceniopteris  major, 
nty  belong  to  Cycadeas,  or  at  least  to  the  same  family  with  Ptero^ 
pkt/Uum  ?  Dr.  Murray,  of  Scarborough,  first  suggested  this  to  me 
while  comparing  the  specimens  of  PUrophyllum  comptum,  L.  &  H., 
with  those  of  TamiopUris  in  his  collection.  In  one  of  his  specimens, 
tile  lower  half  of  the  leaf  has  the  characteristic  form  and  division  of 
Plmphyllum  comptum,  while  the  terminal  half  is  altogether  imdi- 
rided  and  has  the  appearance,  of  a  Taniopierls,  Another  specimen 
nigfat  be  taken  for  a  Tcgniopteris,  but  shows  towards  its  middle  a 
tendency  to  split  into  pinnules. 

8.  FiLiciTES.  PL  X.  fig.  3. 
A  small  frond,  from  Silewiic^ii,  unfortunately  too  imperfect  to  be 
Bftiisfactorily  described  or  referred  to  its  proper  genus,  but  curious. 
At  first  sight  it  might  be  taken  for  a  small  specimen  of  Baiera  Hut^ 
teni,  Ad.  Br.  {Cyclopteris  digitatay  L.  &  H.);  but  the  venation  is 
qoite  different:  instead  of  numerous,  equal,  regularly  radiating, 
dichotomous  veins,  it  has  a  single  well-marked  midrib  in  each  lobe  ; 
the  lateral  veins  extremely  indistinct,  but  apparently  going  off  veiy 
obiliqaely  from  these  ribs.  The  lobes  preserved  in  this  6i)ecimen  are 
four  in  number;  but  there  were  probably  seven,  gradually  diminishing 
in  size  each  way  from  the  middle  one  ;  not  very  deeply  separated,  of 
sn  obovate  oblong  form,  and  very  obtuse.  Base  of  ^ond  wanting. 
Hr.  Hislop  has  labelled  this  specimen  as  *'  small  Glossopterts ;"  and 
I  think  it  not  impossible  that  it  may  belong  to  a  seedling  plant  of 
01o$iopteris ;  but  there  is  no  evidence  to  connect  it  satisfactonly  with 
that  genus. 

9.  FiLiciTEs  (qu.  Glossopteeis,  sp.  ?).     PI.  X.  fig.  4. 
This  is  unfortunately  a  very  imperfect  fragment,  but  of  a  curious 
Plant,  unlike  any  other  I  have  seen  in  a  fossil  state, — ^undoubtedly  a 
^em,  but  scarcely  referable  to  any  genus  hitherto  established ;  there- 
fore, rather  than  attempt  to  found  a  new  genus  on  such  imperfect 
Ibaterials,  I  leave  it  under  the  vague  name  of  Filicites,    It  is  from 
^mpti. 

Stipes  (incomplete)  2|  inches  long  in  this  fragment,  very  broad 
and  flat,  bearing  in  its  upper  part  three  leaves  or  leaflets  on  one  side 
and  one  on  the  other  (the  others  which  ought  to  have  been  on  this 
aide  being  destroyed).  Leaflets  very  incomplete,  more  than  half  of 
each  being  broken  off;  but  they  appear  to  have  been  of  considerable 
tixe,  entire  and  undivided,  and  probably  of  an  oblong  or  lanceolate 
form — ^not,  however,  tapering  gradually  into  a  stalk  as  in  Glosso- 
pterts f  but  sessile  on  the  main  stalk,  attached  to  it  by  a  broad  oblique 
base  ;  closely  placed,  so  as  partly  to  overlap  one  another,  and  appa- 
rently increasing  progressively  in  size  upwards,  the  lowest  being 
unallest.    The  venation  is  very  ill  preserved  and  very  indistinct,  but 
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appears  nearly,  if  not  quite^  that  of  Ghs»&^tn$*  Midrib  nanow  but 
sharply  marked ;  side-veina  numeroua,  ^c^  oblique «  but  mtotlij 
QTuhecI,  sparingly  dtcbatorDoua ;  and  I  (hM-  tb«j  oceagionaQy  tmil^ 
moso  ;  but  thb  is  not  Yery  distinct.  Texture  of  the  £rand  seemiD^lj 
thin. 

Tbia  may  possibly  be  a  gonuino  Ghssopt^ts^  but  differe  reotilllif 
from  those  hitherto  described  in  the  composition  of  its  frond.  U 
certainly  cannot  bo  a  state  either  of  G,  Brow^mna^  or  of  any  d  tin 
other  species  dcsmbed  in  this  memoir.  Even  suppueiDg  t£»  ifpi* 
rcntly  simple  fronds  of  those  species  to  be  leaflets  of  a  oompouai 
frond  (which  is  very  improbable),  they  are  constantly  eharirfisrilrf 
by  a  form  much  narrowed  towards  the  base,  and  tapering  ve»j  pidh 
ally  into  a  petiole  of  some  length  ;  wherens  in  this,  tlw  kaleii 
neither  taper  gradually  to  the  ba;se,  nor  have  any  partial  «talkr  M 
are  attaclied  at  once  by  a  braadi^  base  to  the  main  gtalk. 

10.    NtllGGERATETA  ?    (CTCXOPTEBia  ?)   HlBLOPn,  n»  Sp^      PL  X.  fil?,  0 

The  leaves,  or  (as  is  porhnps  more  probable)  detached  \^d^^ 
which  occur  in  several  pieces  of  stone  from  Bhai^twa^;i,  and  irhi^ 
Mr.  Hislop  has  marked  as  '*  Cychpieris^^^  appear  to  m©  to  bclaif 
rather  to  the  genua  Nas0tmth\<t^  or  at  least  to  the  familjf  of  *V^^ 
geratkitm  of  M.  Brongnlart,  None  of  the  speeimens  are  nt^lj  wjiA' 
plcto ;  but  by  a  comparison  of  different  fra^^cnts  we  wc  that  4i 
leaf  was  of  a  narrow  wedge-shape*  widening  gradually  npwiLnU  fo» 
a  narrow  base — not  however  quite  symmetrical,  but  very  *li§r% 
oblique ;  the  terminal  portion,  w^hich  m  well  seen  in  one  ftifttifljti 
very  conspicuously  oblique,  rounded  at  the  actual  apex,  and  fnffli 
thence  sloping  away  with  a  gentle  curve,  and  forming  a  very  alrtme 
and  rounded  angle  with  the  other  (lower)  maigin*  The  leafiiwfiff 
as  can  be  judged  from  mere  impressions)  appears  to  have  been  fi  * 
firm  and  rather  rigid  tesinre,  with  a  smooth  smfaee.  Tbe  brpM 
fragment  I  have  seen  is  about  b\  inches  long ;  the  breadth  t&  99 
part  seemingly  much  exceeding  1  inch.  Veins  numerous,  iJl  eQ«it 
and  uniform*  with  no  appearance  of  a  midrib,  strong  atid  nw 
coarse,  radiating  from  the  bas^,  but  spreading  very  gradu  " 
forming  very  smaH  angles  with  one  another,  so  that  fur  j 
distance  they  appear  nearly  parallel ;  they  are  once  or  twieel 
but  very  sparingly,  tbe  branches  diverging  very  gradudJy, 
end  in  the  terminal  margin. 

This  plant  may  very  possibly  be  a  Fern ;  bat  the  Mime  reat^ 
whit.'h  led  M,  Brongniart  to  eonsider  the  Nmf^ir&Ona  lut  jdlbd  to 
the  Cycads  induce  me  to  think  that  this  also  is  rftth«r  to  ^ 
ranked  with  that  family  than  with  the  Fema.  The  forked  Wl* 
indctnl,  are  unusual  in  Ctfead^fc^  but  in  Ceraiosamta  MtJpm^M  t^ 
veins  are  occasionally  forked,  and  in  Stafu^iria  parat^^xm  thej  i" 
constantly  so.  In  the  genus  Otppttr\$  or  Otozumitis^  whi^  M* 
Brongniart  refers  without  doubt  to  €^t^<h<M,  the  vedna  anQ  itfultf^ 
Rud  repeatedly  forked ;  at  least,  such  is  the  case  in  Ot&imtL,  < 
ntdits  and  0,  ofthota,  Tbe  breadth  and  coarseness  of  the  veinsttue 
Kiigpur  plant,  and  a  certain  appcaraiice  of  rigidity  ab 
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ok  to  me  rather  like  a  Cycad  than  a  Forn.  All  these  reasons,  how- 
'er,  are  far  from  conclusive ;  and  I  must  admit  that,  to  me,  it  still 
imains  a  matter  of  much  douht  to  which  of  the  two  familic^s  this 
ant  should  he  referred.  If  a  Fem^  it  must  from  its  technical  charac- 
TB  be  placed  in  Cychpteris,  although  it  evidently  has  no  natural 
Bnity  to  any  of  the  plants  comprehended  under  that  name.  It 
lig^t  be  named  Cyehpteris  Hidopii. 

The  dichotomy  of  the  veins,  their  equality  and  uniformit}%  and  the 
bsence  of  any  trace  of  transverse  connecting  veins,  plainly  show 
hat  it  is  not  a  Palm. 

A  small  leaf  or  leaflet  in  sandstone  from  Eampti  agrees  with  this 
in  venation,  and  evidently  belongs  to  an  allied  species,  perhaps  not 
to  the  same ;  for  the  outline  is  different,  being  in  the  Karapti  plant 
lanceolate  and  nearly  sj-mmetrical,  instead  of  cuneiform  and  oblique. 
This  specimen  is  better  preserved  than  those  from  Bharatwar^a,  and 
ihowB  the  form  of  its  base,  though  not  its  actual  connexion  with  the 
■talk  or  stem ;  there  is  an  appearance  of  thickening  at  the  base,  as 
it  seen  in  several  of  the  Cycadeof,  and  some  indication  of  its  having 
been  connected  with  the  stalk  by  an  articulation.  The  leaf  appears 
to  hare  been  of  a  thick  and  leathery  texture ;  the  veins  are  rather 
indistinct ;  the  surface  appears  minately  granulated,  but  I  am  not 
qoite  certain  whether  this  is  really  owing  to  the  texture  of  the  leaf 
itielf.  This  specimen  may  probably  belong  to  a  distinct  species ; 
ht  our  materials  being  so  very  imperfect,  I  do  not  think  fit  to  give 
it  a  separate  name. 

A  specimen,  apparently  belonging  to  this  plant,  from  Tondakheiri, 
lu»  been  labelled  "  Cyclopteris  ^vith  fructification."  It  is  not  in  a 
pwd  state  of  preservation ;  the  apex  ap^Mjars  wrinkled  or  thickened ; 
the  veins  (or  the  spaces  between  the  veins)  swollen  and  distorted, 
ind  as  it  were  knotty  or  granulated  at  their  extremities.  This  ap- 
pwuance  has  been  taken  for  fructification ;  and  if  it  were  so,  there 
€<Nild  be  no  doubt  of  the  plant  being  a  Fern.  But  I  confess  that,  on 
•  dose  and  careful  examination,  I  can  see  nothing  sufficiently  distinct 
•od  definite  to  satisfy  me  that  this  peculiar  appearance  can  be  re- 
^^f^  to  fructification.  The  specimen  unfortunately  is  ill-prc- 
•^ed ;  it  exhibits  merely  an  impression — and  not  a  sharp  or  clear 
'^'^•-^of  the  original  in  a  sandistone  not  of  verj-  fine  grain ;  and  I 
^^  it  possible  that  the  sAvollen  and  wrinkled  appearance  at  tlie 
P^  of  the  leaf  may  be  produced  accidentally  by  something  in  the 
•^'ire  of  the  stone  or  the  process  of  fossilization.  The  evidence  of 
'  being  the  fructification  of  a  Fern  is  not  at  present  sufficiently  clear 
'  ^e  to  overcome  the  reasons  which  induce  me  rather  to  refer  the 
*^t  to  Cyeadetf,  or  a  neighbouring  family. 

Plants  of  doubtful  Afflniiy, 

1 1.  Phtllothbca  Ltdica,  C.  B.     PI.  X.  figs.  G-9 ;  and  PI.  XI. 
figs.  I  &  2. 

Specimens  are  numerous  in  the  fine-grained  sandstone  from 
laratWM/a ;  all  very  fragmentary,  but  some  of  the  fragments  deli- 
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catcly  preservocl.  There  are  other  spoctmens  al«o  from  M 
Kdtnpti,  Silewrwia,  and  Barkoi.  It  is  difficult  to  fonii  a  (toff  Ma 
of  the  geaeml  form  and  habit  of  tho  plant;  but  tho  wpmSM^ 
give  satiafactory  iiiformation  aa  to  the  leavod  and  sUetitlii^  ^ilrfili- 
tivo  position  and  connexion.  Some  of  them  fthow  eonduaivelf  tie 
accuracy  of  Broagaiart's  original  Btatonxont,  that  tJie  Iwin^s  im^  pm- 
longatione  of  the  t<*eth  of  the  eheaths*  IiBdh?j  (folhiwed  by  Uu^ 
in  hia '  SjTiopsia  *)  tonjeeturcd  that  Brongniiirt  had  l>wn  <k«ceiTedrm 
that  the  leaves  really  surroiinded  the  eheath,  Bpringing  from  hkn 
it ;  hut  the  correctness  of  the  original  doscription  has  heen  eonilmil 
by  the  obaervationa  of  Morris*  and  MeCoy,t  on  spedmcns  fba 
l^QW  South  'W'alefi ;  as  Teell  as  by  the  later  onca  of  Baron  AcMIe  k 
Eigne  on  two  new  species  of  the  genus  discovered  by  him  ia  tk 
Juraaai^:  rooks  of  the  YerooeBc  territory  J.  The  spoeimens  before  at 
arc,  I  holieve,  the  first  that  have  been  described  from  India  §.  Tbrf 
wore  very  correctly  referred  by  ilessrs.  Hislop  and  liuntir  to  tbe 
genua  Phylhthem ;  and  it  is  not  yet  clear  to  me  whetlue^  tluy  si« 
even  specifically  distinguishable  from  those  of  New  South  Waki;. 

8omc  of  those  fragmenta  show  most  unequivocally  the  coaiiaiiitrf 
of  tho  narrow  leaves  with  the  sheaths ;  that,  in  fact,  the  le^a^t*  jww 
Biinply  the  elongated  teeth  of  the  sheaths  ;  or,  to  oxprces  it  Ot  •  fif- 
fei-ent  way^  that  the  aheaths  are  formed  of  the  unite*!  ba!«»  of  ti# 
leiivea.     The   sheathfl   in   this   Bharatwrfrfji  plant  uro   not  clfiie/r 
pressed  to  the  stem,  as  described  in  the  original  I^yJhthfOi  ami^  i 
of  Brongniart,  and  in  McCoy's  P.  ramosa ;  they  wi'dcn  more  m  Im 
rapidly  upwards,  and  more  rapidly  in  the  upper  part,  so  a*  t**  ^ 
sonic  what  funnel-shaped  or  bell'shaped  ;  on  the  upper  parti  d  Ik 
small  branches  they  appear  to  cover  the  whole,  or  nearly  the  wblt 
length  of  the  into  modes.     These  sheaths  are  strongly  and  reifuhrff 
fiir rowed ;  the  furrows  appear  to  correspond  in  number  t<>  the  l*»Wi 
and  to  be  prolonged  into  their  mi  dribs »     I/Mivee  numeroui  in  «fc 
whorl,  but  I  have  not  yot  found  any  specimen  suifieieiidr  peitoi> 
ahow  their  exact  nuaiher ;  tbey  are  linear,  very  narrow,  loD^  tJui 
the  sheathSf  with  a  distinct  midrib ;  in  direction  aometimei  inct, 
more  often  spreading  at  various  angles,  and  very  often  iccRETrei 
The  eheaths  soem  to  be  deeiduous  ;  ut  least  I  can  fmd  no  ttm$  d 
them  on  what  appear  to  be  stems  and  older  branches  of  tha  iot 
plant,  which  are  re^larly  and  distinctly  furrowed  and  joinii4«  lit 
a  Vfihtmttes,     The  furrows  do  not^  howuver,  alternate  at  tbejdii^ 
as  in  all  the  Culmmta  except  €,  tmmitioni$  Gopp, ;  the  ridg^ci  pi 
furrows  of  each  ijttemode  are  in  tlie  same  line  with  thoec  of  tiicAO^ 
McCoy  describes   the  branches   of  bis   P.  ramoifi    ds  orifiniinf 
**  directly  over  the  joints,"  and  being  therefore  **  within  amlwttuT 
to  the  sheaths."    llie  same  is  evidently  the  cam  with  /*, 
artiuna  of  I)e  Zigno.    Some  of  the  Niigpnr  flpectmons  ihow 
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at  uaforiunaiely  their  origin  relatively  to  the  sheaths  is  obscure ; 
»r  they  spring  from  what  appear  to  be  the  old  stems,  on  which  I 
in  find  no  sheaths  remaining.  They  are  inserted  on  the  stem  with 
distinct  articulation,  as  in  Equisetum  and  CalwniUs ;  but  their 
isertion  appears  to  be  exactly  on  the  articulation  of  the  stem,  and 
ot  below  it.  In  the  P.  ramosa  and  P.  Brongmartiatiay  the  origin 
I  the  brandies  is  unequivocal ;  and,  though  less  evident,  it  is  pro- 
Mbly  the  same  in  this  plant.  I  think,  witi^  McCoy,  that  this  cha- 
^aeter  decidedly  removes  PhyUotheca  from  any  near  affinity  with 
fijttwetuiH,  as  one  of  the  especial  and  most  peculiar  characters  of 
tuc  latter  genus  is  the  origin  of  the  branches  from  hdow  the  sheaths. 

Some  further  light  is  thrown  on  this  question  by  a  specimen*,  from 
Klewaii  near  Nagpur,  of  what  appears  to  bo  an  old  stem  of  a  small 
FkyUotheea ;  the  arrangement  of  the  ridges  and  furrows  being  such 
« is  QBual  in  this  genus,  and  not  such  as  prevails  in  Equisetum  and 
CalamUf4.  Here  there  is  a  scar,  doubtless  of  a  branch,  seated  ciuictly 
9R  one  of  the  articulations,  and  perfectly  similar,  except  in  its  small 
«M,  to  what  we  see  in  Calamites  ramosus,  Ad.  Br.  No  trace  of  a 
■hfiath  remains. 

Some  of  the  flattened  stems,  which  I  suppose  to  belong  to  this 
f^yUotheea^  are  above  an  inch  broad,  strongly  and  coarsely  furrowed. 
^  they  are  pressed  quite  flat,  without  being  crushed  or  distorted,  we 
onist  suppose  either  that  they  wore  of  a  soft  and  herbaceous  sub- 
•^inoe,  or  that  the  wood  had  entirely  decayed  before  they  were 
Anilized,  leaving  only  a  tube  of  bark. 

It  is  not  improbable  that  the  remains  of  PhyUotheca  in  this  Nag- 
%  collection  may  belong  to  more  than  one  species,  as  the  great 
llflerence  in  the  fineness  or  coarseness  of  the  furn)ws  on  stems  of 
boat  the  same  diameter  may  seem  to  indicate ;  but  I  cannot  satisfy 
yself  as  to  the  distinctions. 

Our  materials  being  still  so  incomplete,  I  feel  by  no  means  sure 
at  further  discoveries  may  not  prove  this  Indian  PhyUotheca  to  be 
sntical  with  one  or  other  of  the  Australian  species.  Yet,  as  it 
eB  not  exactly  agree  with  the  description  of  any  of  them,  and  as 
ere  is  SLprimd  facie  probability  that  plants  from  such  distant  coun- 
OB  are  not  the  same,  I  will  provisionally  name  this  one  Phyllotlieca 
diea. 

Its  characters  may  be  given  thus : — 

Stem  branched,  furrowed;  sheaths  lax,  somewhat  bell-shaped, 
itinetly  striated ;  leaves  narrow  linear,  with  a  strong  and  distinct 
Ldrib,  widely  spreading  and  often  recurved,  nearly  twice  as  long  as 
e  sheaths. 

The  original  PhyUctheca  australiSy  Brongniart,  and  the  P.  ramosa, 
eCoy  (according  to  the  descriptions),  difler  from  this  in  having  the 
Dm  smooth  or  slightly  striated,  not  furrowed,  and  the  sheaths  fitting 
ascly  to  the  stem ;  P.  australis  further  in  its  simple  stem,  and 
»ves  without  a  midrib.  P.  ^oo^eri,  McCoy,which  of  the  described 
edee  comes  nearest  to  our  Indian  one,  appears  to  have  much  larger 
leaths  and  longer  leaves,  as  well  as  a  sim])le  stem. 
♦  See  PI.  X.  fig.  0. 
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The  real  affinities  of  FfiifUothem  to  cxi^^ting  pktit«  are  m-sw*^  t* 
be  dL'tcnuiiied  in  the  pn^dcnt  state  of  our  knowlodgi*.  ft  Apprsiii 
tifl  Erongniart  obserros,  to  be  nearly  allied  to  the  tixmh  eddied  AtUm' 
jihyJiites  and  Afinuhtriaf  and  most  pi'obablj  bIsao  to  IVktmotltndrv^ 
Ad.  Br<, — oJl  these  hiiYing  essentia^  similar  clmrtictcra  of  imifoK 
tion,  with  vcrticiHated  one- ribbed  leaves.  The  pomtiom  of  Qm 
branebcs  shows  that  it  eannot  be  mearlj  akin  to  B^immimf^ 
McCoy *a  argumenta  to  prove  it  a  near  ally  of  Ca^warvW,  4o  iMl  I 
appear  to  me  conclusive.  The  catkin  which  ho  has  figttred  a^  thit  | 
male  flowers  (see  his  pi »  lU  fig*  IJ,  atrikea  me  as  agreeing  t*i*0 
enough  in  its  general  struelnre  with  the  known  fni^dfieation  d 
AsftrophyJJites  and  Anrndaria  (see  Oeiniti,  '  Bteinlcoblcaftim. 
Sachaen,'  tab.  17,  iig,  3,  tab,  1 8.  fig.  S,  !J).  Ko  other  kind  of  fnjetifi- 
cation,  as  it  seems,  has  yet  been  fonnd  in  connexion  with  utiy  Ph^i- 
lothma.  If  these  plants  belonged  to  the  group  of  the  €m^nw*^'^ 
is  hardly  probable,  abundant  aa  tliey  ai-e,  that  some  trace  would  b4 
have  boon  found  of  the  remarkable  seed- vessels  of  that  family^ 

12,    VEBTEBRAnU  ?        PL  XI.  fig.  3. 

Some  impressions  in  sandstone  from  Kiimjjti,  Tondiiklidfi,  ml 
the  Mahadewa  Hills,  and  in  bituminous  Rhalo  from  Barkoi,  bbelM 
as  ''  Ven'tehrana*^  have  certainly  a  p/'imd  fiinc  resembkncc  In  ^ 
published  figures  of  the  Vert.  Iwfmft  cspcciallj  to  that  in  MciSd- 
land's  Report,  tab,  14*  fig.  1 ;  hut  I  e^m  hardly  reeoncilo  tJi©  v^^ 
ances  presented  by  these  specimens  with  the  structure  descrilM  If 
McCoy  and  Do  Zigwo,  The  specimens  indeed  appear  to  b^  nwnif 
irapresfiioufl,  consequently  not  showing  a  transverse  fractuft,  »i 
exhibiting  anything  of  the  radiated  structure  deacriW'd  in  Vtftt- 
bftiria.  But  tlie  Karapti  si>ei:imens  ai-c  bratuked^  a  eireimi^ailCC  ^ 
liitlicrto  recorded  in  any  VerUhi-aria  ;  and  branched  in  m  WMomi 
which  I  cannot  reconcile  with  Uie  rt^eeived  explanation  of  the  ^ntf- 
turo  of  that  genus.  Tliose  from  Tondakheiri  tind  Hahidtfira  w 
u  f  lb  ran  clied ,  bnt  ot  h  LTwise  a^  re*.*  wi  th  t  bt>bo  ft-om  K  dm  ptj .  Tlie  sl« 
(or  whatever  the  Lolumuar  body  U  to  l*  cidlod),  U  from  llo^l^ 
broad ;  along  the  centre  of  it  runs  what  we  must  for  canniUMWP 
call  the  axis,  whicJi  in  the  best  specimens  (from  K4mptl)  appeal  i* 
a  deep  narrow  cliannel  or  funow,  but  in  si^me  othens  nji  a  nd^ 
This  is  not  strnight  and  even,  but  more  or  less  fiesnoux  in  diitditti, 
and  more  or  leRs  widened  out  in  sume  p«rts.  From  it  fxrocMtnl  feo  iwl 
side  in  an  irregularly  alteniate  order^  and  at  ven^  imeqtsml  i&iltllCI% 
what  seem  to  be  partitions,  dividing  tlic  surface  of  the  ft  ml  on  ca^ 
side  of  the  axis  into  portions  of  Vfirions  lengths.  The  iarfe^ 
between  these  j partitions  ia  irregubirly  prom i Dent  ir  gihbon^t  «wl  ^ 
most  of  the  specimens  shows  no  decided  traees  of  organic  ^tfwIiB*' 
But  in  the  largest  apeeimen  fi-om  Knmptij  I  observe  appeamnM 
which  seem  clearly  to  indicate  a  continuous  cellular  tifisue^  as  itf  titf 
cuticle  of  a  stem  or  loot ;  the  surface  exhibits  ddicata  biit  jlitiail 
longitudinal  lines,  cro6ffl-barri?d  by  fainter  and  very  abort  itwrntemm 
ones;  the  spaces  between  being  a  little  ntiged.  Tbt>  ii|>(y»iai<i fe 
exactly  that  of  an  epidermis  funned  of  narrow  n^'tangulur 
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The  branches  aro  very  irregularly  alternate  ;  very  often,  but  not 
constantly,  they  are  opposite  to  one  of  the  supposed  partitions ;  they 
arc  of  sniall  diameter  in  comparison  with  the  body  from  which  they 
pnx^'ecly  but  various  and  irregular  in  thickness,  and  not  less  various 
in  direction ;  in  many  of  them  we  can  trace  an  axis,  like  that  of  the 
main  body  on  a  small  scale.  Many  of  them  are  again  sul>divided, 
and  with  a  like  irregularity. 

Now,  this  striking  irregularity  of  ramification  appears  to  me  to 
be  very  much  at  variance  with  the  characters  of  the  genus  Spheiio- 
phyJIum  and  the  family  of  Calamitea  (or  AaterophyJUteas)  to  which 
Vertebra ria  is  referred  by  De  Zigno  and  others.  In  SpTieyiophyllum, 
Asterophylliies,  Annularia,  and  in  those  Calnmites  or  Calamodendra 
which  branch,  the  branches  invariably  spring  from  the  articulations 
of  the  main  stem,  with  which  they  are  themselves  ai-ticulated  at 
their  base ;  and  their  arrangement  is  really  symmetrical,  though  the 
symmetry  is  sometimes  disguised  by  abortion.  In  this  fossil,  on  the 
contrary,  the  branches  arc  continuous  with  the  main  trunk,  not 
articulated,  and  are  in  every  way  irregular  and  unsymraetrical.  I 
conclude,  therefore,  that  the  so-called  Vertehraria  from  Kampti  is 
not  a  SphenophyUum,  nor  one  of  the  Asterophylliteaf,  On  the  other 
band,  all  the  characters  of  the  ramification  appear  to  me  to  favour 
the  conjecture  that  these  supposed  VerUhraricB  are  roots  of  some 
large  plant. 

The  true  original  Vertehrariasy  according  to  McCoy,  owe  their 
nngiilar  form  to  densely  compacted  whorls  of  leaves  surrounding 
without  interruption  a  slender  stem.  That  the  supposed  Vertebrariai 
of  Kampti  are  not  of  this  nature  is  rendered  evident,  not  only  by 
their  ramification  but  also  by  the  character  of  tlie  cellular  structure 
observable  on  the  surfSoice  of  one  specimen,  which  I  have  already 
described. 

In  the  onbranched  specimens  from  the  X^gpur  district,,  the  indi- 
cations of  their  nature  are  not  so  clear ;  and  their  appearance  might 
easily  lead  to  their  being  classed  with  the  true  VerteltrarUe,  They 
seem  to  me,  however,  to  be  in  reality  of  the  same  nature  with  the 
branched  specimens  from  Kampti.  Nor  can  I  at  all  understand  how 
dbtinct  (though  crowded)  whorls  of  leaves  could,  in  the  fossilizing 
process,  have  remained  so  closely  and  uniformly  pressed  together  as 
to  present  the  appearance  of  a  continuous  columnar  body  through 
the  whole  length  of  the  specimens.  In  no  part  of  the  best  of  these 
pieces  can  I  detect  any  appearance  at  all  like  leaves. 

On  the  whole,  then,  I  am  of  opinion  that  the  branched  specimens 
from  Kampti,  which  have  been  taken  for  Vertehrarixgy  were  the 
roots  of  some  plant,  possibly  of  PhylloOieca ;  that  they  had  probably 
a  woody  central  axis  of  small  diameter ;  that  between  this  axis  and 
the  outer  coat  or  rind  (which  probably  consisted  of  loose  cellular 
tissue)  there  was  a  hollow,  traversed  at  irregular  distances  by  in- 
eomplete  partitions,  which  connected  the  outer  coat  with  the  axis. 
The  nnbranched  specimens  were  most  likely  also  fragments  of  roots, 
though  this  is  not  quite  so  clear.  The  original  VerUhraricr,  V.  In-, 
dlca  and   V,  awtralis  (Sphemphtjllum  radiatum  and  S.  aitttrale. 
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Zigno),  mvist  evidcntlj',  from  the  dcecnptioD^^  bo  of  an  enliryj 

dilliTcnt  structure, 

13.    K^OEBIA?   (Co^ITEB?)      PL  XIJ.  fig.  1, 

A  iinglc  fragment,  in  a  fine -grained  red  eandstone  fitjm  MaopH. 
ITiis  i^  a  cast  of  a  piece  of  stem  or  branch,  about  |  inch  brvHid,  ^- 
stinctljr  marked  with  numaroua  sxnall^  rauudiflhj  dot- like  legX-stiare, 
arrangid  with  j^reat  regularity  in  a  tjuincuncial  or  spiral  order ;  i-wh 
acar  tUstant  rather  more  than  jL  Jnoti  from  those  ncaiTst  to  it*  No  ip- 
peanuico  of  definite  areoko  as  m  Lcpidmlfndron^  but  a  narrow  fartvw 
or  cruck  running  down  from  each  letif-emr  for  some  di^lanre  in  a 
straight  line*  Tho  form  and  size  of  the  Bears  clearly  indicntr  ttat 
the  leavca  were  tslender  and  needle-shaped. 

This  fragment  is  pcrhai^s  technically  referablo  t«  Knamth  and 
wail  '^^^^  belonj*:ed  to  a  Lycopodiaceous  plant;  butltzs  appeftraaoci* 
so  strikingly  like  that  of  a  small  bmnch  of  a  Spruoe-lir  fttripp^^l  d 
ltd  leaves,  that,  ia  the  absence  of  nny  positive  evidene*?  to  the  c^ji- 
trary,  I  am  strongly  lUcHnud  to  bt^hevo  it  to  be  Coniferous. 

14.  lini>:oiLB  OF  A  Fekn  ?    PL  XII.  %.  2. 

A  specimen  from  Miingali,  referred  (duabtfuUy)  by  Mr.  HWoptu 
Lq)ido(hndivn  ;  in  a  very  unsatifl factory  state  of  presGTfalioo*  hni 
in  tc renting  as  having  more  tho  look  of  a  genuine  Cool -me«»«re  f<wfl 
tlum  any  otber  in  the  collection,  Appcara  to  be  a  small  portitm  d 
tlie  surtaco  of  a  flattent^d  stem,  with  numerous  Bi-^r^  (<|U*  Uif- 
scars  t)  nrraiiged  in  somewhat  of  a  apb-al  or  qtiineundai  oriltr,  ^ 
with  a  good  deal  of  irregularity;  the  sears  iU*  preserved  ^  but  **9d- 
ingly  forming  small  \A{s  or  dcpreeaions  (aa  in  67fyti»flna)  of  a  ciroil* 
or  trnn aversely  elliptical  form^  with  a  ^miili  central  boss  or  fiMti- 
riince ;  the  surface  between  these  pits  marked  with  variotu  wiij 
traTisverse  wrinkles,  which  partly  encloHe  the  Ncara,  but  do  noA  Jinu 
definite  areolm  as  in  L^pidotfcitdi^tt.  TJte  appeanoice  ia  a  good  deJ 
like  some  viinL'ties  of  the  so- called  Stiipiutm^f  \mdt*r  which  naawaw 
doubtless  included  the  roots  of  Lf^ndodswira  as  well  ua  of  Sig^^* 
riif*  Tho  scars  are  not,  however,  arrangtnl  i^itli  the  «\mni*iiy 
characteristic  of  Stufmctrm.  Nevertheleee,  if  well*raarkt4  Z»fjw*i^ 
detidm  or  Sigillarm  had  been  found  in  the  same  beds,  I  abouldl«« 
considered  it,  with  little  doubt,  aa  a  fragrment  of  a  root  beloogii^  to 
one  of  those  familios^  But  as  I  find  nothing  dee  among  tine  Xiijf- 
pnr  fossils  to  support  auch  a  notionj  I  am  more  inclint"^!  ttj  wagce- 
tnre  that  it  may  have  been  a  fragment  of  the  rhiiome  of  u  Ftero, 

15,  Stem, 

Apparently  an  impression  of  a  largi^  fiattimcd  Etcm,  with  >«Mfif- 
thing  of  the  appeanmce  of  a  Shjilhiria ;  but  tlio  rilw  and  Umm 
are  very  irregular,  perhaps  casual,  and  of  the  scani  only  a  ftv 
remain  ;  these  are  very  small,  indcte^minat«^  in  form  and  iJiwrncti^ 
showing  a  tendency  to  an  arrangement  in  vertical  rofwa,  Imt  not  WlJ 
distinctly.     The  specimen  is  from  BUewdtM, 

16,  ^Tm.     PL  XII.  fig- a 
This  specimen  is  from  Silewat^a^  and  appeo 
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of  a  large,  broad,  flattened  stem,  without  distinct  character  except 
one  siiigle,  very  laige,  and  remarkable  scar.  This  scar  is  of  a 
ronndiah  oval  form,  nearly  1|  inch  in  its  greater  diameter,  and 
about  1^  inch  in  its  lesser;  dLightly  prominent,  and  well  defined  all 
TOtind  by  a  slight  farrow  divi^ng  it  from  the  general  flat  surface. 
It  endoaes  a  smaller  scar  or  areola,  apparently  of  corresponding  form, 
bat  indistinct  in  part  of  its  outline ;  towards  the  centre  thero  appear 
to  be  some  slight  tubercles  or  vascular  scars,  but  very  obscure.  From 
one  end  (probably  the  lower)  of  the  large  scar,  proceeds  a  kind  of 
appendage,  tapering  downward  to  a  point,  like  the  downward  pro- 
longations of  tilie  leaf-scars  in  Lepidodendron, 

Tbis  scar,  by  its  general  form  and  appearance,  reminds  one 
somewhat  of  the  leaf-scars  of  Lepidodendron  or  of  Oaulopteris,  though 
on  a  very  large  scale ;  but,  as  there  is  only  one  on  the  whole  surface  of 
this  portion  of  stem  (nearly  1|  foot  long,  and  in  parts  8  inches 
broad),  it  cannot  be  supposed  to  be  the  scar  of  a  leaf.  Docs  it  indi- 
cate the  place  of  insertion  of  a  disarticulating  branch,  or  of  a  cone 
or  some  other  kind  of  fractification?  I  feel  at  a  loss  to  decide,  the 
characters  being  so  slight. 

The  remainder  of  the  surface  of  this  impression  is  merely  marked 
with  irr^;ular  oblique  wrinkles. 

17.  YucciTES?  PI.  XII.  fig.  4. 
A  specimen  from  X^pti,  very  imperfect,  but  with  much  the 
appearance  of  a  leaf  of  an  endogen,  such  as  a  Ytuxa  or  Dracama. 
Too  incomplete  for  its  length  to  be  determined ;  but  the  portion  best 
preserved  is  about  a  foot  long,  and  f  in.  broad  in  the  widest  part. 
Appears  to  have  been  sword-shapM  or  ribbon-shaped,  tapering 
gradually  towards  the  apex ;  the  actual  point  not  preserved ;  veins 
fine,  dose,  simple,  and  parallel,  giving  a  finely  striated  appearance 
to  tiie  surface,  with  some  stronger  ones  here  and  there.  This  last 
character  seems  to  show  that  it  is  not  a  leaflet  of  a  Cycad ;  nor  do 
I  think  it  was  a  leaflet  of  a  Palm,  for  thero  is  no  appearance  of  a 
keel  or  fold  along  the  middle.  The  base  is  wanting ;  consequently 
we  do  not  know  how  it  was  inserted  on  the  stem  or  stalk. 

General  Remarks  on  the  Fossil  Plants  from  Ndgpur. 

1.  The  first  thing  that  strikes  us  is  the  paucity  of  distinct  forms 
in  proportion  to  the  abundance  of  specimens.  This  paucity  is  even 
greater  than  one  usually  observes  in  collections  from  the  palaoozoic 
coal-fields  of  Europe  or  America,  and  is  strongly  contrasted  with 
the  rich  variety  of  forms  presented  by  most  of  the  tertiary  plant- 
deposits,  especially  by  the  miocene  formations  in  Germany  and 
Switxeriand  *.  Everything  points  to  the  conclusion  that  the  plant- 
bearing  deposits  of  N<^ur  (and  seemingly  also  the  others  in  India 
of  the  same  age)  were  formed  in  districts  which  had  a  Hmited  and 
monotonous  flora,  singularly  poor  in  species,  though  abundant  in 
individuals,  and  very  probably  luxuriant  in  growth.     It  would 

*  See  Ooppert  on  the  Fossil  Flora  of  Schossnitz ;  Wessol  and  Wobor  on  the 
Brown-CkMl  of  the  Bhine ;  Heer,  and  othen. 
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he  rmh  to  eant'ludo  tlrnt  ^ulIi  were  gttieml  ehamt^tenAtMai  of  lb 
liidiiui  flora  in  tliosf"  times.  Some  might  b<?  disposed  to  awwiat 
for  tbia  mo ao tony  bj-  5;uppo«mg'  that  the  fosHil  |p]ftiit#  of  N'*ipir 
ai-e  niert'ly  th^  scanty  rcimaining  fragnieuta  of  a  rich  vegHatiflB; 
and  that  the  otk>r  plants  with  which  they  were  associated,  being  In* 
fidnptod  far  pro-serratian,  havG  entirely  penciled :  but  it  i»  htrdST 
poflsihh^  Uy  admit  this  explanation  when  we  o*J8er\'e  tJie  rOTnark- 
ohlp  variety  nf  T^f^talde  formR  in  the  tertiarj'  p1ant-lj<*di*,  whi^ 
mnnt  hIao  have  lK*en  depositod  fin  dor  water.  We  do  ruA  k&QW  d 
any  conditions  whieh  wouhl  aceimmt  for  the  pre^rvation  of  m>  mtDT 
varionK  fonns  in  the  one  case,  nnd  of  bo  few  in  thn  other. 

2.   Anntlier  and  ven*  ^trikmpr  rhaitieteristitJ  of  this  Ka^^pur  ftW 
florn.  la  ita  ela^c  analogy  with  that  of  the  coal-fomiatioTi  flf  Aui* 
tralia*.     I'lie  preTailing^"  plant  in  eiieh  of  the  deposit*!  is  a  Gkm- 
pfrfh,  and  It  apiKvirs  (tisrfar  as  we  can  jndge  in  the  present  fctit^flf 
unr  knowlinl^'c)  to  be  act »i all 3-  the  very  same  s]>eeies  in  botiL    Mj 
(Jhtt^HopUn^  hpff^aetfra,  an  nbn udant  plant  in  the  Nu^iir  bo^,  tt 
very  cldscly  allied  Uy  the  Australian  Gioampf^ni  Unr^tisf.     Atiothir 
most  abundant  plant   of   the    Nu^jiir   depjj^it   iy  a  Phtflhth€<^^  1 
genus  uspt^fiall  V  eharacterlatie  i>f  the  Australian  coid-fomuiUon :  md 
tlso  :speeie8,  Uiough  not  identit^al^  is  rery  similar  to  tUo^ic  of  N^v 
Smih  WaloH,     I  may  add  the  genus  VtrUlttymtt^  which,  though  1 
liuve  mot  with  no  certain  evidence  of  its  occurrenee  in  the  Nrfptti 
ill. strict,  Ls  known  to  bo  eonimou  to  the  Bengnl  and  Auj*tra.lian  ««1- 
fieldi*  J*     llius  it  apjieiira  that  those  vegetable  fonna  which  am  mort 
striking  by  their  peculiurities,  and  moat  ehanicteriBtic  by  their  »bufl- 
<hmee,  are  common  to  tht*^  two  distant  countries.     At  preaont,  i» 
is  ivcll  known,  the  vegetation  of  extm-tropicjd  New  ^iith  Wal^sti 
very  widely  diflferont  from  that  of  continental  India,     If,  ladM 
\\e  QinnimTQ  fropiatl  Aiistmlia  with   India,  M*e  find,  as  Dr,  Ho-^ke* 
huH  shown  §,  a  very  marked  agreement  between  their  tloms;  nearly 
t'iUO  iipecies  being  common  to  the  two,     Tht^c  indeed  are  plinU^it 
very  dilFerent  character  fiToni  ttiowe  ^vhith  occur  aa  foadla  m  eitbff 
eountry^  and  afford  very  different  cliniatie  indications* ;  they  are  th* 
jdantu  of  a  dry  climate  and  of  open  imd  arid  countries  t  whetvui  ^ 
fii.sriil  plants  must,  iri  all  pnd lability,  have  grown  in  or  nair  eitt«a«w 
MWiimjk*  or  birgo  1>odic^  of  water.     It  is  however  wortli  obpefrfflf 
that,  where  tho  physical  conditions  of  the  two  eountria&  are  iir*f^ 
similar,  there  is  at  preseTit  thig*  markcil  agre*^ment  between  th«r 
tloras.     It  is  also  to  be  ohserved  that  in  e^ch  of  the  fonffi]  Hoi* 
wliich  we  are  comparing^  the  Fenjs  ai-e  the  predominant  femily*  ia^ 
that  the  FeiTiB  of  Anstndia  at  the  present  day  are  among  ihe  Inirft 
pemlior  portionfl  of  ita  vegetal  ion.     8e^*eral  fspecieB  of  tliht  femity 
fire  rommon  to  India  and  New  Bouth  Wales;  wich  are  />rywifnfl 
inoide$^  D.  qiternfoftaf  Jj^?emtfm  ntWw*,  tkttmJIia  tiftfitnB^  CM- 

•  S(»e  Morris  in  STrrelpcki't  Npw  South  Walen;  and  licCoy  In  Ann.  !ii 
Jfkt.  r.  IK  20, 

t  A  no  may  pol^iblj  not  bti  «ii<N  ift<Tiny  diVtirurl  froio  it- 

;  Soe  ^tHTViT  n^  suprtt,  uitl  Dt*  /ijjno^  Flon  Foi*,  Fona.  Odiitk, 

§  Intrt'ductorT  E&in^  on  Flurn  of  Austmli*,  p.  42. 
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tithes  Unuifolia,  and  Oleii^ma  Hermanni,  When,  therefore,  the 
iimatic  or  local  conditions  were  such  that  the  mass  of  the  vegetation 
insisted  of  Ferns,  we  need  not  be  surjirised  to  find  a  much  greater 
greement  than  now  exists  betw(*en  the  two  countries. 

3.  Next,  08  to  the  geological  indications  afforded  by  these  Ndgpur 
lants.  Messrs.  Hislop  and  Hunter  consider  the  age  of  this  deposit  as 
Politic  (Jurassic) ;  McCoy  inclines  to  the  same  conclusion  with  regard 
>  the  coal  of  New  South  Wales ;  and  De  Zigno,  in  his  writings  on 
fic  fossil  flora  of  the  Oolite,  has  without  hesitation  included  imder 
hat  category  the  coal-formations  of  both  India  and  Australia.  On 
bo  other  htoid.  Prof.  Jukes  (as  quoted  by  Dr.  Hooker*)  seems  to  hold 
hat  the  coal-formation  of  Australia  is  palaeozoic.  It  is  ver}'  diffi- 
ulty  looking  to  the  points  of  agreement  I  have  already  enumerated, 
o  believe  that  the  Indian  and  Australian  fossil  floras  t  were  far 
■emoved  in  time.  If  the  resemblances  between  them  are  not  worthy 
»f  confidence,  still  less  then  can  we  trust  to  the  analogies  of  either 
vith  those  of  Europe. 

The  fossil  flora  of  Ndgpur  is  certainly  in  its  general  aspect  more 
[ike  that  of  the  Jurassic  than  of  the  Carboniferous  age.     I  do  not 
find  in  it,  however,  any  plant  which  I  can  determine  to  be  specifically 
identical  with  one  belonging  to  the  European  Oolite.     The  Tcmio- 
pieris  (T.  daiueoidest)  from  Nagpur  is  not,  ];)erhaps,  satisfactorily 
distinct  from  T.  major  of  the  Yorkshire  Oolite ;  but  our  material 
do  not  allow  us  to  identify  it  with  that  specks.     Ihe  genus  Glosso- 
pteris,  so  especially  characteristic  of  the  Imdian  and  Australian  plant- 
lieds,  contributes  much  to  give  to  those  formations  a  mesazdc  rather 
than  palctozoic  aspect,  since  it  is  perhaps,  as  a  genus,  undistinguish- 
ahle  from  Sagenopteris,  of  the  Oolite  and  Keuper,  while,  on  the 
other  hand,  it  has  little  resemblance  to  any  Ferns  of  the  Carboniferous 
age.     Nevertheless,  a  certain  degree  of  caution  must  be  observed  in 
concluding  that  particular  genera  of  Ferns  are  absolutely  charac- 
teristic of  i)articular  geological  periods.      It  has  been  remarked  J 
that  there  is   a  certain  analogy  or  proportion  between  the  geo- 
graphical and  the  geological  distribution  of  organiied  beings.     Now 
there  are  very  few  instances  in  which  the  genera  of  recent  Ferns 
have   a  strictly  limited  geographical    area:    seareely  any  genus 
(excepting  those  which   consist  of  only  one   or  two  species)  is 
confined  to  a  single  geographical  province  or  region  §.     Ver}-  many 
even  of  the  species  of  Ferns  (as  ha»  been  amply  shown  by  Sir  W. 
Hooker  and  by  Dr.  Joseph  Hooker)  have  a  wide  geographical  range. 
With  the  genera  this  holds  good  in  the  majority  of  cases ;  and  the  in- 
stances are  numberless  in  which  we  find  nearly  allied  or  representa- 
tive species  in  distant  coimtries.     It  appears  therefore  to  a  certain 

*  Introductorj  Eseaj  on  Flora  of  Australia,  p.  100,  101. 

t  By  the  Indian  fotsil  flora  in  this  memoir  I  always  mean  that  of  the  sup- 
posed Junsflic  beds  of  N4gpur,  of  the  Bujmah&l  Uiils,  and  of  the  Burdwan 
ooal-fiekL  Bv  the  Australian  fossil  flora,  I  mean  that  of  the  coal-formation  of 
Kew  South  Wales. 

\  By  Edward  Forbes  and  others, 

§  See  what  is  said  on  this  point  hy  Mr.  Jolm  Smith,  Hooker  s  Journal  of  Botany, 
▼ol  IT. 
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degroD  probable  that  the  (generic  fgrma  af  Ferns  may  huvc  hud  t 

wide  range  in  time  oLso^  and  that  allied  (though  not  identical)  spckt 
may  have  existed  in  very  different  ages.  I  do  not  wi»b  to  Uy  miueb 
stress  on  this  argtimeut ;  but  it  maj  suggest  a  eertaiJi  dc^pea  d 
caution.  The  genus  PkyUoiheca  affords  more  decided  evid^nae  d 
Jur£is$ic  afiinitics  in  the  fossil  tlora  of  the  Indian  and  Au^tiallai 
coal-fields,  sinco  the  only  known  species  owe  of  those  cod-^iddi 
have  becE  discovered  by  M.  do  Zigao  in  an  undoubtedly  JunM« 
formation  in  Northern  Italy*.  Tho  other  vegetable  romainiof  tbe 
de]>osit  wo  are  considering  are  too  uncertain  in  tbdr  OftCnre  and 
aHinities,  or  too  remote  from  any  known  in  Europe,  to  diWd  ant 
help  towards  detcnnining  tho  question  of  age, 

On  the  other  hand^  there  is  in  the  Ntigpur  collectioii  a  «tn^iof 
deficiency  of  the  C>jmdt^af  (Ptt'rophf/lliim,  ZamiieSj^Ofifzamitaf  md 
the  like),  a  family  very  characteri>4tie  of  the  Jurassic  flom  in  Eurupti 
This  deficiency  docs  not  extend  to  the  pi  ant- bearing  deposits  of  Beapl 
Dr.  ilcClcllaiKl  describeB  severul  well-marked  Ctfcade^  from  tb 
Bnrdwan  eonl-fiehls.  In  a  set  of  drawings,  which  I  have  exomiDd, 
of  fossil  plants  procured  by  Prof.  Oldham  from  the  Riijmahil  Ililli, 
as  many  as  nine  ont  of  thirteen  forma  represented  are  undoubteil  uid 
well-eharactorized  Cycods*  In  the  Australian  eool-iiclds^  3^1, 1 
have  no  evidence  that  auy  Cyends  hnve  been  ^und*  The  qowtiaa 
may  therefore  arise,  are  tho  fossil  plants  of  Nugpiir  contempoiaiieoit 
with  those  of  Austraba,  and  of  a  differ ftit  age  from  the  BuniviS 
and  Rijmahal  deposits?  But  the  Okssopt&is  Brnwnuitm  appeaalo 
he  common  to  tlie  Australian  and  Bengal  coaUfieldut ;  aa  nJia  i»  Ik 
verj"  peculiar  and  ehamcteristic  fonu  called  VerUhntria^  I  thuikr 
thei-cforej  that  the  several  plant- bearing  depotats  of  wlueli  I  haw 
been  speaking,  cannot  weU  be  separated  geologieally,  and  thiit,  n 
far  as  the  evidence  derived  fxem  fossil  pUnts  cjyi  be  trusted  |,  lher»ii 
a  strong  probabilttj^  that  they  are  all  of  JuiiiHsic,  or  at  ItNist  ijf  If avo- 
Kfjic  ago. 

4.  ITio  fossU  flora  doserihed  in  this  paper  appeals  fbHy  as  di&f- 
eat  from  the  ex ia ting  vegetation  of  India,  os  the  fossil  ttom  of  <«f 
Jurassic  or  our  Carbonifarous  roeJis  is  from  the  existing  f^etatisi 
of  Europe.  Drs.  Hooker  and  Thomson,  in  their  admirabk  Inlio- 
duction  to  the  '  Flora  Indica/  have  sho^n  us  what  are  tho  character 
istic  families,  genera,  and  species  of  plants  in  the  diif^rent  distncO 
of  India;  and  in  none  of  these  districts  do  we  find  aa/ttisf 
resembling  the  fossil  vegetation  of  Nugpur.  The  predomiitatte^  ^ 
Ferns,  the  absence  of  any  certain  indication  of  ordinary  {w[^^ 
spermous)  Exogi^ns,  the  absence  of  Pahas,  and,  in  fact,  the  a|ipi^ 
absence  of  all  thoao  famili*^  and  genera  of  plants  wliich  caa  ^ 
considered  in  any  way  chantctt^ristic  of  the  Indian  flora,  itrPdiifly 
distinguish  this  c.\tinct  vegetation  from  that  of  the  preanat  day*  U 
it  were  coatemporaneous  with  our  Jurassic  flora,  it  eannot  be  dcaicil 

•  D^  Zigno,  Fl  FoM,  Form.  Cbl.  pp.  50,  60. 

t  BroiiKTiiart,  Hii^t.  ^^g,  Fom.  ;  ^loCoy  ;  iforriflin  StJwk^?kj'*  Jfnw  Soudi  WiU. 

f  To  wW  i^xU^rii  evtdenop  of  thi*  iw>rt  wm  be  troitcd  avuit  i^ui^mii  <l^bAJ 

until  tho  Pefit^Carttr  lujatery  aluiil  be  iuliutL 
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the  vegetation  of  India  was  in  those  ages  much  more  similar  to 
of  Europe  than  it  is  now. 

be  absence  of  Palms  from  a  deposit  representing  to  us  the  yege- 
»]i  of  an  Indian  district  is  the  more  striking,  because  both  the 
es  and  the  seeds  of  those  plants  are  of  a  very  durable  nature,  and 
L J  to  be  preserved.  In  the  Bengal  coal-field,  indeed,  is  found  a 
ffophyUiteSy  which  Prof.  Brongniart  appears  to  consider  as  an 
oiibted  Palm;  but  I  can  find  no  trace  of  it  in  the  N^ur 
ectioiL. 

Postscript, — Since  this  paper  was  thus  far  completed,  I  have  received 
(feasor  Oldham's  memoir*  on  the  geological  relations  of  the  rocks  of 
igal  and  Central  India,  which  throws  some  new  and  important  light 
the  subjects  I  have  been  discussing.  Accordingly  I  find  it  necessary 
correct  in  some  points  the  opinions  as  to  tho  geological  ago  of 
«e  fossil  plants,  which  I  have  above  expressed.  Prof.  Oldham 
>W8  that  the  group  of  rocks  of  tho  Edjmahdl  Hills  constitute  a 
mation  quite  distinct  from  that  of  the  coal-bearing  beds  of  Burd- 
ji  and  some  other  localities ;  to  which  latter  group  he  applies  the 
me  of  the  Datnuda  beds.  He  shows  that  the  fossil  vegetation  of 
a  two  formations  is  entirely  different,  both  specifically  and  in 
neral  aspect ;  that  not  one  species  is  common  to  the  two  ;  that  the 
ijmahdl  beds  are  characterized  by  a  remarkable  abundance  and 
liety  of  Cycadem,  by  a  comparative  paucity  of  Ferns,  and  by  tho  ab- 
nce,  in  particular,  of  the  genus  Glossopterisy  as  weU  as  of  Phylloiheca 
id  Vertd>raria ;  while  the  Burdwan  or  Damuda  beds  are  characterized 
pecially  by  Olossopteris,  Hiyllotheca,  and  Vertebraria,  with  scarcely 
trace  of  Cycads.  It  is  evident  that  the  Nagpur  fossil  flora  agrees 
together  in  these  respects  with  that  of  the  Damuda,  and  not  with 
at  of  the  lidjmaluQ  formation.  Prof.  Oldham  is  of  opinion  that 
le  Rajmahal  beds  are  mesozoic,  and  probably  Jurassic — the  Damuda 
xls  palcfozoie.  On  this  latter  point  I  am  not  entirely  prepared  to 
)  along  with  him.  I  still  think,  for  the  reasons  already  given,  that 
le  fades  of  this  Ndgpur  and  Burdwan  flora  is  rather  mesozoic. 
ut  this  is  a  point  by  no  means  clear,  and  one  on  which  much 
irther  light  is  yet  required  before  we  can  come  to  a  safe  conclusion. 
he  palaeobotanical  evidence  is  far  from  unequivocal,  and,  such  as  it 
,  might  be  outweighed  by  the  discovery  of  a  single  well-marked 
id  thoroughly  characteristic  fish,  shell,  or  coral. 

I  perceive  that  Prof.  Oldliam  has  come  to  the  same  conclusion 
nching  the  so-called  Vertehrarice  in  general  at  which  I  had  already 
rived  in  relation  to  those  of  the  Ndgpur  collection ;  namely,  that 
;ey  were  roots.  As  he  observes,  they  seem  to  have  played  a  some- 
hat  similar  part,  in  the  Bengal  coal-field,  to  that  of  the  Stigmarke 

the  coal-fields  of  Europe  and  America. 

•  Memoirs  of  the  Qeological  Sun'cy  of  India,  vol.  ii.  part  2.  1800. 
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igpnr,  and  Chorkheiri,  which  is  35  miles  to  the  north-east,  while 
handa  is  situated  85  miles  to  the  south.  At  all  these  places  the 
lin-bedded  sandstone  with  vcgetahic  remaias  is  the  same,  as  it  pro- 
mts the  same  appearances  both  pakeontological  and  lithological. 

2.  Barhn  and  Mahddewa  HilU. — ^That  this  thin-bedded  sandstone 
» identical  with  the  coal-shale  at  Little  Barkoi,  near  Umret,  and  at 
he  base  of  the  Mahddewa  Hills,  in  the  N.N.W.  part  of  Nagpur  pro- 
ince,  I  have  ascertained  by  personal  inspection,  and  have  endea- 
'oured  to  prove  in  the  Quart.  Joum.  Geol.  Soc.,  vol.  xi.  p.  555.  At 
lU  the  localities  already  named,  arenaceous  as  well  as  carbonaceous, 
iiere  is  a  similar  group  of  fossils ;  and  at  Bokhdrd,  an  acknowledged 
nte  of  the  plant-sandstone,  there  is  a  tendency  among  the  strata, 
which  are  usually  white,  to  become  brown  and  carbonaceous  through 
the  abundance  of  their  comminuted  vegetable  matter. 

3.  Western  Btnigah — ^That  the  plant-sandstone  and  carbonaceous 
beds  of  Ndgpur  are  of  the  same  age  as  the  coal-strata  of  Western 
Bengal,  I  have  attempted  to  show  in  the  ^  Quart.  Joum.  Geol.  Soc.' 
foe.  eit.  The  rocks  of  both  provinces  have  embedded  the  same  fiorn, 
including  species  of  Pecopteris,  OhssopteriSy  and  Tasniopteris,  Verte- 
kraria  Indlea*,  Trizygia  (or  SphenophyUum)  speeiosa,  a  species  of 
Fkylloihecay  and  a  stem,  which  M*^Clelland  has  erroneously  named 
JPoaeiUs  mitricata.  Many  more  points  of  resemblance,  I  have  no 
doubt,  will  be  discovered  when  the  Bengal  strata  shall  have  been 
more  carefully  examined. 

4.  Mdngali, — ^Thus  isx  I  may  calculate  on  a  general  concurrence 
in  my  conclusions ;  but,  when  I  embrace  in  this  comparison  some 
thin-bedded,  red,  argillaceous  sandstone  at  Mdngali  and  Mesa,  about 
60  miles  south  of  Ndgpur,  difficulties  arise,  and  a  difference  of 
opinion  has  been  expressed.  In  a  Report  on  the  Talchee  Coal- 
field, by  Messrs.  Blanford  and  Theobald,  the  authors  seem  disposed 
to  place  the  Mangali  beds  above  the  plant-sandstone  and  coal ;  and, 
88  they  consider  the  former  Permian,  the  two  latter  they  regard  as 
at  least  of  that  agef.  It  must  be  admitted  there  is  some  apparent 
^und  for  this  view.  The  strata  within  the  semicircle  north  of 
S^agpnr,  and  at  the  other  localities  mentioned  in  paragraph  1,  are 
f  a  whitish  hue ;  thase  at  Mdngali  are  of  a  brick-red  colour.  In  the 
ttrmer  the  fossils,  with  the  exception  of  an  Insect's  wing  found  at 
C^mpti,  are  exclusively  vegetable;  in  the  latter  tliey  are  chiefly 
jiimal.  In  the  one  Ferns  abound,  in  tho  other  not  one  has 
lithcrto  l)oen  discovered ;  but,  instead  of  them,  we  have  the  rep- 
ilian  Brachycps  laticeps  (Owen),  an  undescribed  species  (if  not 
wo)  of  the  crustacean  Estheria,  and  the  jaws  and  scales  of 
ganoid  Fishes.  Yet  this  distinction  in  colour  and  fossil  contents 
nost  probably  depends  on  a  difference,  not  of  time,  but  of  local 
condition ;  for,  with  all  the  dissimilarity,  there  are  numerous  points 
yf  agreement.  The  strata  near  Nagpur  and  Chdndd,  and  those  at 
Mangali,  intermediate  between  these  two  places,  though  differing  in 

»  Vertdraria  and  THzyyia  are  not  recognized  in  the  preceding  paper  bv  Sir 
C.  Bunbuiy  as  occurring  in  the  plant-bearing  sandstones  of  Nftgpur.—EDiTOR. 
t  Ifon.  Geoi  Snrr.  of  India,  rol.  i.  pt.  1,  p.  82. 
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colour,  arc  iilikc  in  muny  other  respects,     Both  are  thin-be<i<kd  and 
argillo-aronactJouB,  and,  after  contimung  so  for  about  1^  feet^  tl»y 
both  piiss  into  a  coarecr  whitieh  muidstone  below ;  and  though  tto 
fossib  are  eo  diverse  in  their  general  uhanwteT,  and  though  miiUfTt^— 
getable  remains  found  near  Niigpur  and  Gh^nda  arc  wantitig  it  Min— 
galiy  yet  the  foKail  plants  that  do  occur  in  the  latter  nei^baufhiood 
are  on  the  whole  fiimilar  to  those  in  the  former.    Thus  at  Utai  therm 
is  a  seed  or  seed-vessel  about  |  in*  Long,  and  ^  in.  broad,  nneiiiUiiiS 
a  paper  kite  in  form.     This  nlio  occurs  of  the  very  ^me  dimeofiioiiii 
and  8haiK:»  at  Kampti,     A^guin^  a  smaller  fo^sdl  of  a  similar  kind  ia 
common  to  the  beds  at  Mesi  and  Bharatwarf a.    Further,  a  smftE  |iiiQC 
of  stem  from  Miinguli,  with  distant  lanceolate  scars  itmning  wkm^ 
it,  is  the  miniature  of  a  larger  branch  from  Knnipti.     And,  lasUjr, 
Miingali  furnishes  voiious  ^uJcated  jointed  *stcros^  which,  aa  far  991 
the  state  of  their  preseiiraUon  warrants  a  judgment,  resemble  stcmn 
abundant  at  Kilmpd,  t^ilewot/a,  BhanvtwjifM,  &c.    Thift  tunount  of 
agreement^  apparently  spedfie,  between  the  fossils  from  H^agAli 
and  from  the  vicinity  of  Niig|>ur,  is  sniBcient,  in  my  opinion ^  ta  aatW 
rize  the  inference  that  the  strata  containing  them  are  nciirly,  if  ik^ 
exactly,  on  the  same  geological  horizon, 

5.  Kotii  Oil  iht  PrauMid, — And  now,  as  I  have  pointed  cmt  tta 
connexion  between  otir  Niigpur  plant-strata  and  those  oi'  Bettgd,  w 
with  the  addition  of  the  MilngaU  beds  and  their  animal  rcimaiji»»  I 
may  institute  a  rampnrison  between  them  and  the  roek^  at  £oli«  j 
the  Pranhita.  There,  under  a  grait  thickness  of  coarse  iron-bdiiM  I 
sandstonc^^,  developed  in  the  neighbouring  hiUs,  wo  haFc  tlwo-lw^ 
strata  abounding,  as  at  Mungali,  in  ouimal  rematE»t  imliiiiQf 
LepitUius  DeecuTumiSf  L,  hn^icrpSf  L,  brcjfltfps,  and  i&i^mBdm 
EyertonL  In  addition  to  these  ganoid  Fishes  obtaiiied  bf  th^Iifii 
Drs.  Walker  and  Bell,  I  have  procured  from  the  same  locality  ii* 
exuviae  of  Insects  and  Enti^nms^racn^  among  which  there  ate  Ofpr%^ 
and  a  .npecie^  of  EsiJurla  determined,  on  the  authority  of  Mr,  it»ii>«** 
Jones,  to  be  identical  with  the  larger  form  at  M4ngali,  With,  tlii* 
connecting  link  between  the  two  aerie**  of  rocks,  the  presnmpti^^ 
that  they  are  of  the  some  age*  The  vegetable  remaioa  at  KoU  tern 
to  consist  princii>nlly  of  etoms^bnt  in  such  an  imperfbet  itale  of  pr^ 
servatioti  as  to  be  wholly  unreeognizablo,  I>r»  liell,  liowt'Tcr,  m  * 
layer  of  sandstone  only  fS  feet  below  the  ichthyolitie  hitumlnoiu  «JA 
discovered  improssiouj*  of  *•  heaves,'*  which  (ahhoai^h  lie  wan  4i^o«i 
to  consider  thcra  dicotyledonous)  belonged  to  a  gt^tiu.^  nith  msB^ 
entire^  fi-onds  and  anastomosing  venation ;  and  1  ooiic<*ive  mf^ 
justified  in  beheving  them  to  have  been  acrogtinouit.  and  bclaaiill 
to  a  species  of  Gfosmpf^is,  The  aronaaoons  ilmtnm  eontalaifli 
them  is  obWously  part  of  the  same  lieries  m  the  bituminous  iltfte 
with  which  it  attematc«t  there  being  u»  niia^h  of  the  nhale  la*]ow  * 
above  the  sand&tone.  Now,  a^*  froni  the  ed^tenca  of  a  wjptmB  ^ 
Estheria  common  to  the  roc^kn  at  Mangali  and  Kot4,  unt  vahs^ 
their  contemporaneousnes&^  so  from  the  discovery  of  what  appowf  <» 
bo  a  Mpeeie^  of  OlomtpiertM  at  KqUU  we  ore  led  Uj  the  omAoAA 
that  the  rocks  there  are  oonnccted  in  age  with  thosQ  mmr  H4ffl>*^J 
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ieh  that  genus  abounds :  and  this  comparison  of  the  strata  at 
first  with  those  at  lidngali  and  then  with  thoso  near  Niigpur, 
ms  the  evidence  which  I  have  already  adduced  of  the  close  re- 
between  the  Mdngali  and  N^gpur  beds. 
Bell's  shaft,  which  has  famished  me  with  most  of  my  infor- 
a  regarding  the  succession  of  strata  at  Eoti,  ended  in  a  deposit 
L  day  lying  73  feet  below  the  bituminous  shale  with  Eish-re- 
.  Can  this  be  the  red  clay  which  is  found  at  Male^i,  30  miles 
W,  of  KoiA,  to  embed  coprolites  and  several  forms  of  Ceratodus 
which  have  been  described  by  Dr.  Oldham  in  a  recent  publi- 
i  of  the  Indian  Geological  Survey  ? 

Bdjmahdl  HilU. — ^How  the  upper  beds  of  the  EijmahtQ  Hills 
related  to  the  strata  that  have  engaged  our  attention ,  and 
ler  there  are  any  examples  of  them  in  the  Ndgpur  province, 
aestions  which  meet  us  here.  It  is  obvious  that  some  interval 
^  between  the  deposition  of  the  inferior  and  superior  beds  at 
ahal.     How  great,  then,  was  that  interval?    To  me  it  appears 

>  exceed  the  space  of  time  requisite  for  a  whdie  formation ;  as 
oras  of  the  respective  periods,  though  different,  are  not  so  di- 
.  as  to  indicate  a  decided  change  in  the  circumstances  of  their 
J[i.     In  both  we  have  Tamiopteris  and  the  Ci/cadacece,  the  latter 

represented  in  the  lower  strata  of  Bengal  by  Zamites  Burdwa- 
I,  and  in  the  higher  by  several  species  and  genera.  The  cqui- 
ts  of  the  upper  BijmahiQ  beds  have  been  met  with  by  Mr. 
Medlicott,  on  the  Hurd  Hivcr,  a  little  south  of  the  Norbaddd*. 
discovery  brings  the  existence  of  these  rocks  very  near  our 
nee,  but  hitherto  they  have  not  been  found  within  its  limits, 
possible  that  some  of  the  vegetable  impressions  occurring  at 
)ti,  especially  one  or  two  species  of  TiBniopUriSj  are  originally 
tbis  source ;  for  most  of  the  fossil  plants  there  are  not  found 
tf,  but  in  blocks  dispersed  through  the  coarse  iron-banded  sand- 
.  There  can  however,  I  think,  be  no  doubt  that  the  greater 
)n  of  these  remains  are  the  same  as  others  still  in  their  original 
on  in  the  laminated  sandstone  of  the  neighbourhood ;  and  even 
le  hypothesis  that  the  remainder  may  belong  to  a  younger 

>  of  strata,  there  is  this  objection,  though  only  of  a  negative 
that  at  Kdmpti,  so  far  as  known,  there  is  a  total  absence  of 

lyeadaeea  which  characterize  the  upper  beds  of  Ilojmahdl. 
Comparison  of  ^Strata  and  Fossih  of  Ndgpur,  Barhoi  and  the 
dewas,  Mdngali,  and  Kofd. — Setting,  then,  this  higher  scries  at 
lah^  and  the  Hurd  River  in  a  category  by  itself,  let  us  endca- 
by  a  comparison  with  formations  out  of  India,  to  determine 
ge  of  the  rocks  near  Nagpur,  at  Barkoi  and  the  Mohadewas,  in 
em  Bengal,  and  at  MiUigali  and  Kota,  all  of  which  we  have  seen 
almost,  if  not  altogether,  contemporaneous. 
.)  Foml  Flora  of  New  South  Wales. — ^There  ai-e  certain  deposits 
ew  South  Wales  which,  it  must  be  acknowledged,  present  ob- 
features  of  resemblance  to  the  Indian  strata  under  considera- 
The  connexion  between  those  beds  in  Australia  and  ours  in 
«  Indian  Beoords,  x.  p.  17. 


similarity  of  form  in  Ptcoittt  ris,  *' 
si^ht  the  vof^etable  remains  v 
regarded  as  paheozuir,  seeinp: 
Australia  arc  said  to  alternate 
Carboniferous  or  oven  Devoniai 
those  shells  occur  arc  for  from  i 
tions  for  comparison  \nth  those 
cannot  in  the  mean  time  be  asc< 
seems  to  be  the  only  part  of  the 
a  combination  of  planti)  and  c^u 
shells ;  and  since  in  other  distr 
arc  common,  along  with  animal 
hcozoic,  we  are  reduced  to  the  nee 
apparently  palaeozoic  sun'ived  i 
that  plants  wliieh  in  other  place 
period  were  introduced  on  the 
epoch.     Perhiqis  it  will  be  fuun 
our  antipodes  met  each  other  hidf 
semblance  in  the  lioras  of  the  Inc 
which  we  have  Ikjcu  comi)aring, 
hibit  a  liowcr  Juraaaiafacies,  yet 
teristic  of  the  Jura  formation  ai 
though  frwjuent  in  India — 1  refci 
this  is  mere  conjectui*e.     It  mus 
jcct  of  these  fossils  fi'om  thte  Xewci 
volvod  in  obscurity.     Still  that  c 
wiUi  a  very  limited  suM*cssion  of  i 
receiving  light  irom  other  parts  o 
phical  seiies  is  much  better  develo] 
meml)ci-8  indisputably  fixed. 
(2.)  FoMsUs  of  the  InrfitxH  Ph 
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lar  genera  of  these  Ferns.  The  most  common  is  Ghssopteris.  This 
not  at  present  looked  on  as  a  European  genus ;  but  having  had 
L  opportunity,  through  the  kindness  of  Professor  Alhnan,  of  in- 
ecting  the  plants  coUected  by  the  late  Hugh  Miller  at  Helmsdale, 
id  now  deposited  in  the  Museum  of  Edinburgh  University,  I  see 
>  reason  to  doubt  its  occurrence  in  the  Oolite  of  Sutherlandshire. 
Luet  of  the  specimens  that  I  examined,  I  am  aware,  are  probably 
nly  detached  portions  of  the  compound  frond  of  Sacienopteris ;  but 
bere  ai-e  others,  such  as  those  marked  "  48"  and  "  104,"  which  seem 
00  large  to  be  so  regarded.  Besides,  some  (e,  g.  No.  54)  are  furnished 
vith  one  or  two  specks  that  bear  a  striking  resemblance  to  the 
panctiform  sori  of  a  true  Olodsopteris,  At  Bayrcuth  also  there  are 
nngle  fronds,  which  differ  in  size  and  form  from  Sagenopteris,  and 
agree  much  more  in  these  respects  with  our  Indian  genus.  If, 
therefore,  the  Lower  Jura  of  Bayrcuth  and  the  Oolitic  beds  of  Helms- 
dale do  indeed  yiold  Oloasopteris,  then  the  presumption  is  that, 
seeing  this  genus,  like  its  nearest  ally  among  the  compound-fronded 
Fens,  is  confined  in  Europe  to  the  Jura,  our  eastern  rocks  contain- 
ing it  belong  also  to  that  formation. 

A  similar  conclusion  may  be  deduced  from  the  abundance  in  India 
rf  the  genus  TceniopUris,  If  all  the  specimens  found  in  the  blocks 
at  Kimpti  are  from  the  inferior  beds,  there  would  seem  to  be  three 
^^oeice  frt)m  these  rocks  in  our  province,  one  of  them  being  frt)m 
the  carbonaceous  strata  at  Barkoi  in  situ.  Now  this  genus,  with 
^  exception  of  two  or  three  species,  is  never  found  at  a  lower  level 
'luui  the  Trias,  and  it  even  ranges  as  high  as  the  Wealden.  It 
•"Cached  its  maximumy  however,  as  is  well  known,  in  the  Jura.  One 
^  the  species  common  in  the  Kdmpti  boulders  bears  the  closest  affi- 
^ty  in  shape,  size,  and  venation  to  Tceniopteris  magnifoUa  of  Prof. 
^ .  B.  Rogers,  from  the  lower  Jurassic  strata  of  Eastern  Virginia. 

The  same  relation  to  European  Ferns  of  Jurassic  age  is  borne  by 
^r  compound-fronded  genera.  One  species  of  Pecopterls  from 
^pti  seems  to  mo  to  resemble  P,  ffaibumetms  from  the  Lower 
^lite  of  Scarborough,  more  than  any  older  form.  Again,  we  have 
!t>in  Kdmpti  a  tripinnato  frond  with  bifurcate  venation,  but  without 
central  midrib,  which  differs  from  any  genus,  so  far  as  I  know, 
fiat  has  yet  been  described,  A  similar  Fern,  however,  without  a 
*nie,  has  hecn  Jigured  by  Baron  de  Zigno  from  the  Lower  Jurassic 
«d8  of  Northern  Italy. 

In  the  province  of  Nagpur  we  have  hitherto  met  with  no  decided 
^ytadacere.  But  the  contemporaneous  coal-baain  of  Rani-ganj,  ac- 
cording to  M*^Clelland,  presents  us  with  a  species  which  he  has 
^med  Zamia  Burdwaru'iisis.  Few  members  of  this  family  have 
''et  been  discovered  under  the  Jurassic  formation.  At  Kampti  there 
^  been  found  a  portion  of  a  leaf,  apparently  lanceolate,  with  fifteen 
^'^ewhat  parallel  veins,  which  in  a  preceding  part  of  this  paper  I 
'^^e  identified  with  the  Ztugophyllites  of  New  South  Wales.  This 
'^J&e  has  been  changed  by  Schimper  and  Mougcot  for  ScJiizoneura ; 
!^^  in  my  opinion  the  Schizoneura  of  these  authors  is  not  the  same  as 
^^  leaves  of  New  South  Wales  and  Kdmpti.   The  plant  figured  from 
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the  Gri:s  higan-ioi  the  European  contiiient  appeal^  to  hrm  pogemwti 
narrow  leaves  arranged  in  a  vcrticel ;  but  our  leaf  and  that  from 
Australia  are  broader,  and  agree  bett-er  with  the  piiisie  of  ■  ptUfit 
trom  Burrtwan.  wliich  is  now  in  the  Btitkh  Muaeum*.  In  that  fmi 
the  pinnte  resemble  tliose  of  the  hirger  specimens  of  ZiMfniks  dt^irm^ 
only  they  are  opposite,  and  not  alternate  as  in  Stembi^rg's  ip«dffl. 
If  I  mistake  noti  its  pinnBe  an^  cbaractarized  by  14— 1  (J  wib-finillel 
veins,  like  our  imperfect  Bpeeimen*  Lf  it  is  not  to  be  dnAi»«d  niih 
ZamiU9,  U)  which  it  bears  an  obTioui  aMnity,  I  think  the  old 
of  Zet^gophi/Ultes  should  be  continued  for  it  a&  the  most  r[ 

Thu  attms  in  our  collection  present  peculiar  difiieultic«.     Rut  i1  Jl 
iiomcthiTig  to  know  that  none  of  them  belong  to  the  Vtjhtm^ 
the  true  Carbonitcrons  series.     Thorn  that  ha'ro  been  takoi 
appear  chiefly  to  belong  to  the  genuEi Phtflhtfuca,  whieh  hmi 
been  discovered  by  Do  Zigno  in  the  Lower  Oolite  of  tht?  VimiHofi! 
Aljis.     I  am  persuaded  that,  were  the  foliiige  of  the  sulcnti^  *i 
from  Eastern  Virginia  obtained,  iome  of  them  which  ignie  in 
respects  with  our  lejifless  Btema  of  Ph^Uiithi^a*  wonld  be 
tained  to  belong  to  this  genus j  which  bq  abounds  in  the  roakit  of  Si 
Routli  Wales,  India,  and  Northern  Italy,   Anoth^  of  our  $A)eism, 
furrowed  however,  but  rih\)ed,  which  was  found  by  my  tntmi  Hi 
Hunter  at  ^Hewiclif  and  is  diutmguit<hed  by  its  dedduoiiM  duib 
the  joint,  is  evidently  related  to  the  E((H^€UUs  tateraliii  fiww 
OoiiUi  of  Scarborough.    At  Miingali  thero  occur  two  «tetiM,  whicli,il 
I  may  judge  from  deacriptiou  alone,  resemble  two  met  with  in 
TLTginian  coal-field  ;  one  apparently  being  a  KiM^ma,  mid  tli*? 
probably  having  some  connexion  with  the  fij^aH  which  Hir  C  h 
Eiinbury  compares  with  SipUnria  er  A^pitiiaritf  M^mniif^ 

In  speaking  of  aome  reticulated,  simple,  entire  learcM  hrou|^ 
h^ht  by  Dr.  Bell,  I  have  ventured  to  suggest  timt  they  wirro  B 
probably  fronds  of  Ferns,  as  dieotyledoaoua  le^ivas  of  tlmt  hm 
not  known  below  the  Eocene*  I  am  inclined,  howerur,  to  l»eli' 
that  exogenous  plants  did  exist  at  the  period  in  quoatiotu  At 
wdtid  there  is  an  abundance  of  stems  of  consademMd  die,  whldl !»' 
lost  their  woody  structure,  but  neem  to  liave  poiiBeaeied  bark 
obliquely  upwards  from  lv(i  to  right.  In  adilition  to  tbU 
marking,  most  of  our  speeimena  exljibit  the  eicatriyai  tif  leta?^, 
in  ono  ease  there  ii^  a  round  sprouting  bud  left  aitur  ih*  foul 
has  fallen  off.  Rome  of  th<?  fteuiv  are  longitudinal^  othan  &« 
verse,  but  all  are  sparsely  diatribuled  over  the  stem*  The 
scars  slightly  resemble  thoao  left  on  the  trunk  of  the  FapaW  {C$m9 
Fapmfay  If  the  resemblance  wore  to  hold  good  alao  w  ta  tiK**«ft 
nature  of  the  wood,  we  could  easily  undcrataud  Itow  it  i*  that  tJv 
trees  now  refen-ed  to  present  to  us  nothing  but  the  bark.  1^'^^ 
whether  those  bearing  merely  scars  are  to  t*  ranked  b«  exop^  ^ 
not^  I  must  submit,  with  all  deference,  that  the  rt<*m  with  Ibf  p^*^ 
bud  belungs  to  that  division  of  the  veget^bk  kingdom.  And  if 
it  would  add  to  the  proof  which  I  have  brought  forwiud,  tW  ^ 

•  e.  g.  Colaimt^^  plim4^ott4duM,  IVanw,  Amer,  QeoL  BOol  lftiO-5. 
t  QuMt.  Jouni,  Qeol  Boo.,  toL  iii-  p,  386. 
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lant-bearing  beds  are  not  very  low  in  the  Mesozoic  series.  These 
fcema  belong  to  genera  seemingly  altogether  undescribed.  The  only 
Mil  that  has  feUen  under  my  observation  which  admits  of  being 
Mnpared  with  them,  is  one  figured  by  Professor  Hitchcock  in  his 
iperon  the  Sandstone  Formation  of  Connecticut  and  Massachu- 
ittB*,  which  has  been  shown  by  Prof.  W.  B.  Rogers  to  be  nearly 
I  the  same  horizon  as  the  Richmond  coal-basin.  The  object  there 
presented,  as  Sir  C.  Lyell  justly  remarks,  cannot  be  a  Teeniopieris, 
It  it  may  very  well  be  a  compressed  branch  or  trunk  of  a  tree,  on 
lich  supposition  the  oblique  lines  from  left  to  right  would  corre- 
ond  with  the  markings  on  the  bark  of  our  Silcwtic/d  stems. 
Before  leaving  this  part  of  my  subject,  I  would  remark  that  some 
our  seeds  or  seed-vessels  remind  me  of  some  that  occur  in  the  Lower 
dite  at  Stonesfield  along  with  TcBniopteris, 

B.  AnimaUremaitis, — Turning  now  to  the  animal-remains,  we 
d  that,  like  our  plants,  they  are  best  represented  in  rocks  of  the 
»oioic  epoch. 

When  I  transmitted  the  cranium  of  Brachyops  latictps  to  your 
«iety  in  1853, 1  pointed  out  its  relations  to  the  Labyrinthodoniidtv, 
bich  had  never  before  been  recognized  in  the  East,  and  attempted 
BO  to  indicate  the  section  of  the  family  to  which  it  belonged.  To 
e  it  seemed  to  have  little  connexion  with  the  AnheifosaurnSy  &c., 
it  to  be  allied  to  that  division  of  Reptiles  which  Yon  Meyer  has 
uned  Prosihophihalmi,  and  to  approach  most  nearly  the  genus  Me- 
piai.  Professor  Owen  in  his  description  did  not  enter  on  this  part 
the  subject ;  but  I  am  glad  to  perceive  that  Professor  Huxley  has 
ace  had  occasion  to  allude  to  it,  while  speaking  of  the  remains  of  two 
eptiles  from  South  Africa  and  Australia,  and,  without  knowing  that 
had  been  done  before,  has  shown  a  relationship  to  exist  between  the 
ingali  Brachyops  and  the  Metopias  of  the  Keupert.  We  are  thus 
ithoritatively  furnished  with  a  means  of  judging  of  the  era  of  our 
ibyiinthodont,  which  proves  to  be  the  division  of  the  Trias  nearest 
•  the  Jurassic  formation. 

Together  with  the  Brachyops  skull,  there  occurs  at  M^gali  a  great 
tundance  of  an  Entomostracon,  which,  in  accordance  with  a  sugges- 
onfrom  my  friends  Drs.  Lcith  and  Garter,  I  was  disposed  in  1854 
>  call  Limnadiay  but  which  Mr.  Rupert  Jones  prefers  to  class  with 
itf^na.  This  species,  which  is  almost  equally  common  at  Kotu 
id  Mangali,  is  somewhat  similar  to  that  found  in  Virginia ;  but  it 
^ps  still  more  nearly  resembles  in  form  and  ornamentation  the 
^es  that  sports  in  the  pools  of  Central  India  at  the  present  day, 
d  which  a  few  months  ago  was  described  and  figured  by  Dr.  Baird 
E,  eomprtMaX,  Besides  Estheria  we  have  another  genus  of  Ento- 
*9traea  at  Kota — I  mean  Cypris.  From  its  elongate  form  Mr. 
ties  feels  warranted  in  saying  that,  according  to  our  present  know- 

^  Plite  14.  fig.  2,  Trans.  Amer.  Geol.  Soc.  1840>2. 

'  Quart.  Joarn.  G«ol.  Soc,  vol.  zr.  p.  647.    Prof.  Hiixley  here  speaks  of  the 

ni^  between  Mieropkoiis  and  Metopias,  and  subsequently  of  the  resemblance 

fc  MieropMis  bean  to  Brachyops. 

:  Zo(d.  Soo.  Proceed.,  voL  for  1860,  p.  188. 
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ledge,  Tvo  should  not  know  where  to  look  for  its  analogue  in  rocb 
older  than  the  Lower  Jura  or  Upper  Trias. 

In  the  same  limestone  as  contions  these  Entomostraca  at  Eota,  ve 
are  presented  with  an  interesting  assortment  of  Insect  exuvisB,  in- 
cluding the  wing-covers  of  Blattidir  and  the  elytra  of  Beetles,  which 
forcibly  remind  me  of  the  researches  of  the  Rev.  P.  B.  Brodie  in  the 
Lower  Jura  of  England.  Tlie  Fishes  of  this  limestone  and  its  asso- 
ciated bituminous  shale  have  bt^en  pronoimced  by  Sir  P.  G.  Egerton 
to  belong  to  a  "  true  Oolitic  fonn,  and  apparently  of  the  date  of  the 
Lias*".  Finally,  an  imiHii-fect  bivalve  found  in  the  shale  withi^pi- 
doins  IkirauetiAis  exhibits  an  appearance  of  corrugation  at  the  umlio 
such  as  chnnu'torizes  the  genus  Unio,  a  MoUiu^k  of  comparativdj 
recent  introduction  on  tlie  stage  of  existence. 

Combining  those  results,it  would  appear  that  of  the  rocks  which  v» 
have  been  comparing,  while  one  fossil  (viz.  the  Br(ichtjo}i$  of  Mii- 
gali)  point*  to  the  highest  member  of  the  Trias,  and  while  the  ahua-    ; 
dance  of  Estherifw  associated  with  it  would  indicate  either  that  or   • 
a  Lower  Jurassic  age,  the  latter  organism  is  found  at  Kota,  with    ■ 
Fishes,  Insects,  Cifpris,  and  Unio  (?),  which  are  all  in  favour  of  in    ; 
ei)<)ch  not  lower  than  the  Lias.    And  to  this  same  side  of  the  hahmee    ; 
must  be  added  the  evidence  of  Olossojyteris,  Tc^iiopteriSf  a  species  rf    i 
Pecopteris,  the  furcate- veined  tripinnatc  firond,  the  Cycadact'^^  the    ; 
PhyUottieccPj  disk-bearing  Equisetites,  the  stem8\i'ith  obliquely  striated    \ 
bark,  and  some  of  our  seeds  or  seed-vessels.     It  may  be  that  thoe  j 
Indian  strata  constitute  a  sort  of  passage  between  the  Lias  and  Tiin   \ 
as  has  boon  suggested  by  Mr.  Jones  in  a  valuable  not<?  on  Ettheriaf;    : 
and  certainly  the  Ceratodi  of  Malec^i  cannot  fail  to  call  to  mind  the    ■ 
Bone-bed  of  Aust ;  but,  upon  the  whole,  I  am  still  of  opinion  that 
the  weight  of  testimony  lic^  on  the  side  of  the  Lower  Jura,  as  I  en-    ■, 
deavoured  to  prove  in  a  paper  submitted  to  the  Bombay  branch  rf 
the  Royal  Asiatic  Society  in  March  1853.     And,  on  this  viewrf 
tho   age  of  the   contemporaneous  fossiliferous  strata  of  Westen 
Bengal,  Nugpur,  Milngali,  and  Kotd,  if  we  may  assume  the  red  clxj 
at  MtQcf/i  to  be  the  same  as  the  red  clay  in  Dr.  Bellas  section,  abort 
70  feet  below  the  lowest  of  the  ichthyolitic  beds  on  the  banks  of  the 
Pranhita,  we  may  understand  how  appropriately  the  Ceratodta  teeth 
of  the  one  locality  are  found  beneath  the  LepidohiSy  Insects,  £fi^ 
mostraai,  Unio  (?),  and  reticulated  fronds  of  the  other. 


3.  On  the  Relative  Position's  of  certain  Plants  in  the  CoAL-BSABDe 
Beds  of  Australia. 

By  the  Rev.  W.  B.  Clarke,  M.A.,  F.G.S. 

In  tho  "  Observations  on  the  Flora  of  the  Oolite,**  by  Banm  * 
Zigno,  published  in  tho  Quarterly  Journal  of  the  Society,  'So.  tt 

»  Quart  Joum.  Qeol.  See.,  vol.  vii.  p.  272;  voL  ix  p.  351. 
t  Quart.  Joum.  C3n»V.  ^oc.,  ^toI.  lii.  ^.  370. 
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there  is  a  paragraph*  respectmg  the  supposed  non-verification  of 
certain  genera  of  plants  in  the  Australian  coal-fields,  which  were 
reported  by  me  in  1847. 

It  is  only  right  that  I  should  offer  a  few  words  of  commeat  on 
that  parag^ph. 

By  reference  to  the  same  number  of  the  Quarterly  Journal  (p.  147), 
it  will  be  seen  that  Mr.  Selwyn  has  already  recognized  in  Eastern 
Victoria  "  true  Carboniferous  plants ;"  and  ho  fui'ther  states  that 
*'  in  Tasmania  the  coal-boaring  beds  rest  quite  conformably  on  and 
pass  downwards  into  calcareous  beds,  the  fossils  from  which  are,  I 
believe,  nearly  all  Carboniferous  or  Devonian  forms." 

Now  this  is  precisely  the  case  in  New  South  Wales,  in  which 
eolony  the  plants  said  to  be  Jurassic  occur  (coal-cliffs,  Mulubimba, 
near  Newcastle,  mouth  of  Hunter  River)  in  the  same  beds  and 
blocks  with  heterocercal  Fishes,  one  of  which  is  figured  by  Dana  t 
•8  Urosthenes  australis,  and  was  acknowledged  by  Agasaiz  to  be 
a  palieozoic  fish. 

In  other  portions  of  New  South  Wales,  and  in  the  new  colony  of 
Queensland,  in  close  connexion  with  calcareous  beds  holding  abun- 
ixace  of  **  Carboniferous  and  Devonian "  zoological  forms,  occur 
iliales  and  fino  calcareous  grits  charged  with  the  plants  which  I 
Sported  in  1847,  and  which  Baron  do  Zigno  does  not  find  verified 
IjlCesars.  Morris  and  McCoy. 

The  latter  gentleman  examined  and  reported  on  the  collections 

'•liich  I  forwuded  to  Professor  Sedgwick,  and  which  are  now  dopo- 

ifted  in  the  Woodwardian  Museum  at  Cambridge ;  but  he  did  not 

Mition  the  fossils  alluded  to  by  De  Zigno,  because  1  did  not,  at  that 

time,  include  them  in  my  collections  for  the  university.     Nor  could 

^fessor  Morris  mention  such  in  his  account  of  the  fossil  flora 

published  in  Strzelecki's  work,  because  at  that  time  none  of  the  oldor 

lonns  had  been  found  by  Count  Strzelecki,  and  no  one  besides  my- 

vdf  had  made  any  discovery  of  such  plants  in  Australia.     But  Mr. 

Bdwyn's  paper  referred  to  above  is  sufficient  to  verify  the  facts  I 

communicated,  so  far  as  concerns  the  particular  genera  to  which  Mr. 

Bdwyn  alludes.     Moreover,  I  placed  years  ago,  in  the  Australian 

Hnsenm  at  Sydney,  specimens  of  these  disputed  plants ;  and  in  the 

I     present  year  I  saw  one  of  them  in  the  University  Museum  at  Mel- 

li,     Iwini,  which  had  been  found  in  Gipp's  Land. 

*         Some  years  since  I  forwarded  specimens  to  England,  and  one  was 

cwiridered  at  the  time,  by  Professor  McCoy,  to  bo  a  Lepidodendron 

\      ^  the  English  coal-fields,  so  much  did  it  resemble  a  well-known 

%■        *  "This  would  not  bo  the  case  with  thoso  of  Australia,  if  the  observations 

r      Jl'iie  in  1847  by  the  Eev.  Mr.  Clarke  were  coiifirmod ;  for  he  mentions  in  these 

F       *porit«  the  presence  of  the  genera  Sigillaria,  Ijepidodendron,  and  Sfigmaria, 

..      ^eh  would  settle  the  question.    But  I  am  not  aware  that  the  facts  thus  cited 

f*"'ebeen  since  Tcrififd.     On  the  contrary*  no  mention  is  made  of  these  genera 

***  .the  works  of  Messrs.  Morris  and  McCoy,  in  which  wo  arc  presontod  with  a 

S^^  of  forms  among  which,  together  wiUi  local  types  analogous  to  those  of 

f?^  there  are  species  which  recall  the  Jurassic  flora  of  Scarborough."    (Vol. 

^p.lll.)  *^ 

t  Qeolog.  U.  a  Soc  ExpL  Exp.»  pi.  1.  fig.  1. 
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species.  Afterwards  nn other  was  notieed  hj  the  late  E*  iMtt*,  ^* 
e^prt^j^ed  hk  di>ubt4i  whether  that  foaeil  wsis  a  LcptKivdmififm  wX  ^l 
The  la  to  ilr,  Btut<ihbary  mentions  two  from  the  coal-fomuitUi  n 
the  Ptorfcon  River,  in  the  vicinity  of  caleareoas  rocks  wlii^  km 
their  equivrilenta  on  the  Hunter  River,  whert>  the  overlyiaf  «il* 
uieasarc^  contain  the  Juraesie  (?)  forme.  And  be  aleo  Kgtim  om 
uncUr  tbe  impression  that  it  had  not  b«ifot%  bet*ii  %uivd  tim 
Australia  t. 

In  the  couise  of  my  explomtioas  in  the  northern  dl0lt!iet»«l  ^ 
colony,  I  fonnd  abundaneie  of  these  LtffidofJcndrtJt^  irftfa  oifew  ilHid 
genera,  in  a  peculiar  shale  mentionod  by  the  bW  Allan  CuuniuirJmia 
ae  oceuixiBg  on  the  Peel  River  J.   ThiB  rock  oceura  w\my  not  fw  frnn 
Cjooni>ognonoo ;  and  from  it  T  have  made  a  eoiiiiderub!e  Prtllwami*  rf 
whieh  I  now  pn>pose  to  forward  Bpecimcna  for  o<:)mparisot)§ ;  »  tier 
resfimble  in  some  respects  G^ppert^s  Ptt^^yphkens  \\  ralhi^r  tfeaa  liP 
us*uiil  forms  of  Lepiffod^ndra^  it  may  be  well  to  nficertatn  wWi*' 
they  belong  to  that  plant.     Similar  I'oesils  exi&t  in  the  nd^rhhotirfu^ 
of  ItW^llington  Yallev,  to  tho  wc«t  of  Bathurwt  i  and  ktely  1 ' 
frill nd  that  abundance  of  th^m  occur  in  the  shale  formillf  m 
in  plates,  at  Canoona  (where  a  considerable  gold-flrid  cxiit*).«i 
Fitzn^y  or  1/3 wer  Mackcnde  River  in  (^ii^en aland,  mmdj  hsM  ^ 
de^^Tee  north  of  the  tropic  of  capric^>m,  and  a  f«w  milflp  «ait  of  &i* 
15Uth  meridian.     Tliey  were  considei"e<i  by  the  pt^fsont  whfl  §1^* 
Bfiw  them  there  as  belonging  to  a  **  tesselfited  pavement,"  aurt  ak  — 
cited  great  curiosity.     In  onei  of  the  groove  dolininf  tho  k*^ 
ecars,  I  detected  a  minute  particlo  of  gold,  wbi(^  had  tettkd  i»  ^ 
from  tho  alluvium  above, 

M.  OdiTnhcimer  also  motions  eiroikr  Lq>Hio<itmfra  in  hif 
account  of  tho  Peel  River  district^  published  in  our  Procccdingtl  i 
and  from  my  own  inrinmes  T  know  they  oceur  abmodantl^r  akig^ 
ManilJaRivcr,and  in  that  part  of  the  Iiverpo*>]  Plain  conntrTwtei 
skirta  the  western  limits  of  the  Peel  and  Bingt- ra  Gold-finUip  Ifc* 
Litter  of  wluch  has  on  that  border  coal  (near  WarialdaV,  *a^  }^ 
such  grits  and  sands  tones  as  cover  the  coal  along  the  cm^  fnm.  t^ 
Hunter  to  the  Illawarra ;  the  usual  nnderlyirLg'  Cftlcanxra*  ^ 
abounding  ia  Carboniferous  ajid  De%*oniaji  zootogieaJ  fnrmit 
makin;^  their  api^earanc^,  a&  tttty  do  to  the  west  of  Newobitb. 

I  consider,  therefore,  that  there  hns  been  a  sufficient  rritfi 
of  some  of  the  genera  I  reported  in  1847**,  since  thpy  bsire  li^ 
been  found  in  various  partis  of  a  region  extending  ffom  ^  ta  "^ 
B.  lat/,  at  least  one  thousand  miles  of  direct  diatom  ee. 

In  the  collection  whieb  I  exhibited  at  Paris  in  the  year  IH.'HS, 
included  two  specimena  marked  in  the  eatalogae  aa  "  L^jiiilf"^^ 

*  IrfHJtTirtw  oti  Gold,  2tid  edit  p*  i>3.  . 

t  R4?pcjrt  tn  New  South  WhIis  GoTemOfleiit  Julv,  1853;  Fag^msmUfJ  3**1 
Book.  Dec.  1854,  o  IS— 2il 

J  ProtvtHlingB  Gool  Soc.,  T&h  fi,  p.  im. 

5  Tbp  ^p^nmrnm  lian?  not  yet  amTed*  July  1^,  1861, — Enm 

J  Poftsilea  Fiimkrantor,  pi  43* 


^  QuBrt.  JoLira.  Qecd.  Soe-^  toI.  li.  p.  401. 

**  Stfe  alio  Quftrt.  Joiim*  Owl  Soet,  toL  it,  ] 
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on  "  and  one  "  Sigillaiia*,"  and  mention  is  made  of  the  probable 
:e  of  them  in  the  introduction  to  the  catalogue  of  my  collection  f. 
It  cannot,  then,  be  said  that  publicity  has  not  been  given  to  at 
Mt  some  of  the  genera  I  reported ;  and  if  in  any  of  the  others  I 
ay  have  erred  from  want  of  means  of  comparison  in  this  country, 
it  there  is  no  doubt  that  plants  apparently  older  than  those  called 
Jurassic  "  occur  in  Australia  under  circumstances  no  way  distin- 
Tushed  from  those  which  mark  the  reputed  younger  forms,  in  rela- 
ion  to  the  overlying  sandstones  and  underlying  calcareous  beds 
Jontaining  true  "  Carboniferous"  animal  remains. 

When  Mr.  McCoy  wrote  his  valuable  account  of  my  fossils  at 
Cambridge,  he  concluded  from  what  he  saw  that  there  must  be  two 
periods  of  wide  interval — the  plants  marking  an  Oolitic  and  the 
•nimals  a  Lower  Carboniferous  epoch,  equivalent  to  that  of  Ireland, 
«nd  without  any  confusion  of  type  J.  But  discovering  plants  of  the 
genera  I  reported  occurring  under  the  circumstances  described  above, 
■ad  not  comprehending  how  this  could  be  without  assuming  the 
whole  series  in  which  coal  occurs  to  be  one  consecutively,  he  expressed 
the  desire  that  geologists  would  withhold  their  judgment  till  the  whole 
«^ence  had  been  adduced.  To  assist  in  this  inqiury  into  the  true 
«ge  of  our  Australian  coal-beds,  I  therefore  divided  the  succession  of 
Ws,  as  in  the  Paris  catalogue  before  mentioned,  and  have  since 
wiefljr  described  my  divisions  in  a  little  work  recently  published  at 
Sydney  §.  These  divisions  conveniently  group  the  strata,  even  if, 
•^tually,  they  have  no  direct  bearing  on  epochal  succession,  though 
^ere  really  appears  to  be  a  sort  of  grouping  in  the  fossils  equivalent 
to  that  in  the  strata  themselves. 

It  must,  however,  be  observed  that  the  distinguishing  feature  of 
fte  strata  in  Australia  is  their  variableness;  and  to  so  great  a 
J^gree  is  that  observable,  that  I,  for  one,  would  scarcely  venture  in 
^y  part  of  the  ooal-fieldis  to  trust  any  stratum  further  than  I  could 
36  it 

Notwithstanding  this,  however,  there  are  four  main  groups  of 
rata,  generally  sufficiently  distinct  for  such  divisions  as  I  have 
ade,  and  which  show  that  it  is  scarcely  right  to  class  them,  as  has 
Jen  done,  in  two  widely  distinct  formations. 
The  evidence  now  collecting  as  to  the  formations  in  other  countries 
ems  also  to  show  that,  so  far  as  they  are  concerned,  but  little  light 
thrown  on  the  age  of  the  Australian  coal-beds ;  for  if,  as  Baron  de 
^o  maintains II,  the  Richmond  plants,  and,  as  Mr.  Bunbury  says  If, 
LO  Indian  plants  do  not  prove  what  has  been  deduced  from  them,  so 
may  come  to  pass  that  the  evidence  hitherto  derived  from  the 
nstralian  flora  may,  on  further  examination,  receive  a  modified 
inn. 
At  present  no  notice  has  been  taken  as  to  the  association  of 

•  See  British  Catalogue  Expos'.  XTmverselle  1855,  p.  102. 

t  Jhtd^n,  100,  and  P.  S.  p.  103. 

X  Ann.  Nat.  Hist,  yoI.  zx. 

I  BeHarohes  in  the  Southern  Oold-fields  of  New  South  Wales,  chap.  ziT. 

I  Qnart  JooriL  QeoL  Soo.,  No.  62,  p.  112.  f  Jbfd,  p.  115. 
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certain  Fishes  with  the  so-called  Jurassic  plants ;  for  the  &ct  thata 
palaeozoic  Fish  was  found  in  one  of  the  pits  at  Newcastle  in  tiie 
same  block  with  the  Plants  in  question,  which  are  called  Oolitic,  hu 
not  shaken  faith  in  the  latter  assumption.  Yet  that  fiEU^t  most  be 
explained  away  before  the  view  in  question  ought  to  be  adopted. 

And  if  it  should  be  found  that  certain  genera,  such  as  GJossopfmt 
and  SagenapUris,  are  not  always  of  so  recent  date  as  the  Jurassie 
epochs ;  if  it  should  also  be  found  that  the  supposed  palseozoic  plants 
{Lepidodemlray  &c.)  ascend  higher  than  the  Lower  or  Upper  "  Carbo- 
niferous," then  it  may  be  that  (which  I  have  been  inclined  to  beliere 
may  be  the  case)  there  is  an  epochal  as  well  as  stratigraphical  sac- 
cession  in  the  Australian  cool- bearing  beds.  The  only  way  to  settle 
the  doubt  unmistakeably  would  be  to  have  a  complete  and  carefnl 
measurement  made  of  all  the  beds  supposed  to  be  contemporaneous 
in  all  the  Australian  colonies,  and  to  collocate  them  after  due  inves- 
tigation. 

But  that  is  at  present  an  "  impossible  quantity  ;**  we  must  be 
content  with  such  e\idence  as  we  have ;  and  as  a  contribution  to 
the  general  data,  I  will  make  a  few  further  remarks. 

In  Victoria,  the  geological  survey  obtained  in  the  early  part  d 
this  year  a  Tceniopteris  from  the  neighbourhood  of  Cape  Paterson, 
and  have  recently  obtained  other  plants  of  supposed  like  age  from 
the  neighbourhood  of  Geelong.  lliese  fresh  discoveries  have  been 
taken  to  demonstrate  the  Oolitic  age  of  that  vicinity.  Now,  in  my 
examination  of  the  Barrabool  Hills,  near  Geelong,  in  1856, 1  saw 
enough  to  induce  me  to  consider  that  the  beds  of  that  neighbour- 
hood (especially  about  Ceres)  belong  to  the  first  or  upper  divi- 
sion of  the  New  South  Wales  series,  and  to  my  Wianamatta  beds. 
But  the  other  divisions  must  not  be  forgotten.  The  four  diviftions 
are — 1.  Wianamatta  Beds;  2.  ffawJceshury  Eochs;  3.  (WorkabU) 
Coal-beds ;  4.  "  Lower  Carboniferous  Eocks  '*  of  McCoy : — 


"Jurassic" 
(McCoy). 


1.  Wianamatta  Beds.    Upper  Carboniferous.    800  I   nnn« 

to  1000  feet  thick  riSS- 

2.  HawkesburyEodLB  ("Sydney  Sandstone"  of  Dana).  lfo[Ji^ 

f  Middle  [  Pennim 

Carboni-  I  ^^ 


[  ferooA. 


"(mSc^)*'"^^-  I->^w  Carboniferous  Rocka. 

In  New  South  Wales  the  Wianamatta  beds  contain  fishes,  which 
are  heterocercal  and  certainly  not  so  near  to  PhoUdophorus  as  to 
Palamiiscus,  to  which  I  consider  some  of  them  to  belong.  A  spedeB 
of  Phylhtheca,  as  well  as  Sphenopt^rts,  is  found  in  the  same  bedi 
with  the  Fishes ;  and  a  Mytiloid  shell  accompanies  them. 

The  following  Plants  from  this  division  I  sent  to  Gambiidge,  and 
they  were  determined  by  Mr.  McCoy : — 

Gleiohenites  odontopteroides.  I  Pecopteria  tenuifolia. 

Odontopteris  microphylla.  | 

[PhyUotkeca  Hookeri  is  marked  in  the  memoir  firom  Clarke*8  ffill ;  baft  it  ii  • 
mistake  probably  from  aooident,  aa  that  speoiei  belongs  to  muoh  knrar  bedi  thv 
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I  haTO  recently  procured  a  species,  with  Fish,  from  the  same  divi- 
>Mm,  which  in  some  respects  resembles  a  Tamiopteris,  but  is  probably 
M  such.  It  will  be  forwarded  to  England.  In  Tasmania,  both  in 
1856  and  in  1860, 1  examined  carefully  the  section  from  Launceston 
to  Hobart  Town,  right  through  the  island,  and  traced  what  I  believe 
to  be  an  equivalent  of  my  Wianamatta  beds  of  New  South  Wales, 
fix)m  the  neighbourhood  of  Spring  Hill  nearly  to  the  Dorwont.  They 
ippear  to  be  in  great  force  about  Green  Ponds  and  up  to  Lovely 
^anks,  near  which  I  found  beds  before  unnoticed  as  fossiliferous,  in 
^hich  are  plants  of  a  different  character  to  any  hitherto  found  in 
tiat  or  this  country.     I  will  also  forward  them. 

The  second  di^^sion,  or  Hawkesbury  Kocks,  are  in  Strzelecki's 
ook  classed  as  Pliocene^;  but  the  Fishes  contained  in  them  are 
©arcr  to  Platysomus  and  Pygopterus  than  to  any  Tertiary  genera ; 
tidorer  them  the  Wianamatta  beds  attain  a  thickness  of  from  800  to 
OOO  feet.  No  Plants  from  these  rocks  were  sent  to  Cambridge, 
^cause  I  had  not  then  found  any.  But  in  the  beds  with  the  Fish 
^^le  SpJienopUris,  &c.,  and  in  the  massive  sandstones,  along  the 
^wkesbury  itself,  I  have  found  casts  of  large  fronds  like  Odotito- 
'*«rw.  Neither  in  Victoria  nor  in  Tasmania  have  I  seen  any  beds 
^kich  I  can  consider  the  direct  equivalents  of  these,  either  in  mass 
^  in  distinct  resemblance ;  but  patches  of  sandstone  underlj-ing  the 
Apposed  Wianamatta  beds,  about  the  descent  to  Bagdad  and  Brighton, 
ficur  in  Tasmania,  which  might  occupy  their  position.  As  Mr. 
IcCoy  considers  these  two  divisions  with  the  third,  or  the  work- 
Ue  coal-beds,  to  belong  to  the  Oolite,  it  becomes  important  that  the 
Lew  fossils  should  be  examined.  But  Mr.  Dana  considers  t  that  these 
%me  three  divisions  belong  to  the  true  "  Upper  Carboniferous  or 
artly  Permian."  I  have  already  alluded  to  the  Fish  Urosthenes 
usiralis,  on  which  in  part,  as  well  as  on  certain  Plants,  as  Noegge^ 
ithta  elongatn,  Mr.  Dana  founded  his  opinion. 

The  Plants  from  the  third  division  (which  cannot  be  separated  fix)m 
tie  second,  as  the  Hawkesbury  Rocks  cover  and  pass  into  the  coal- 
leasures,  containing  coal-seams  in  their  lowest  masses)  are,  as  indi- 
ated  by  Professor  McCoy's  memoir,  as  follows : — 
phesiophylluin  (Yertebraria)  auBfcrale.     Glossopteris  linearis. 
phenoptms  lobifolia,  Morris.  No^j^erathia  (SSeugophyllitee)  elongata, 

alata,  1  var.  exilis,  Morris,  Morris. 

hastata.  Phyllotheca  anstraliB,  Brongn, 

G^rmana.  ramosa. 

—  plumofla.  Hookori. 

flexuoaa.  Otopteris  ovata. 

BoMopteria  Browniana,  Brongn.  Cyclopteris  angustifolia. 

The  other  plants  described  by  Professors  Morris  and  Dana  belong 
to  this  division  ]:• 

»  p.  129.  t  G«ol.  U.  S.  Explor.  Expod.,  p.  495. 

X  The  following  are  the  phmto  enumerated  by  Morria : — 

Spbenopteria  lobifolia.  Peoopteris  odontopteroides. 

alata,  var.  exilis.  ZeucophjlliteB  elon^atufl. 

GloMopteris  Browniana,  Bnwgn,  PhTllotheca  auitralu,  Brongn, 

Pteopterifl  austnlis. 
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Thas  far,  it  may  be  said  the  evidence  went  up  to  a  certain  perioi 
But  no  place  has  been  found  for  the  plants  whose  verification  waa 
doubted.  Where  do  they  belong  in  Prof.  McCoy's  gap  between  the 
Oolite  and  the  "  Lower  Carboniferous"  ? 

It  might  be  said  tiiily  they  are  "  Upper  Carboniferous."  But  in 
1859  a  diwcover}'  was  made  at  Stone  Creek  near  Maitland,  which 
again  complicates  the  question.  Mr.  Bourne  Russell  made  two  pita 
at  the  place  mentioned,  and  passed  through  four  or  five  workable 
seams,  the  beds  between  which  and  on  the  top,  consisting  of  coarse 
grits  and  conglomerates  full  of  Pachydomiy  Spiriferi,  OrthocervtiteSj 
largo  Conularke,  Asteridcn,  &c.,  prove  that  these  coal-seams  are  not 
in  beds  suppoijed  to  be  Oolitic,  but  in  McCoj^s  Lower  Carbonife- 
rous. And  to  complicate  still  further  the  whole,  below  the  coal- 
seams  a  bed  of  shale  was  reached  in  which  are  impressions  of 
Nmjijerathia  (or  Zeng(tphy1Htt's)f  Ghssopteris  (or  Sa<jcnoptens\  and 
other  plants,  such  as  Cf/clopteris,  that  look  as  much  like  Jurassic  u 
any  thjit  are  so  called. 

Mr.  llussell,  at  my  request,  placed  at  my  disposal  the  whole  seriee 
of  excellent  specimens,  with  memoranda  of  depth,  «fcc.  The  locality 
is  knoT^Ti  to  me,  and  I  collected  Pachydomiy  «fec.,  abundantly  from 
the  vicinity ;  so  that  these  seams  and  Plants  unquestionably  occur 
in  the  midst  of  beds  considered  to  be  Ix>wer  Carboniferous. 

I  do  not  pretend  to  explain  this  anomaly,  if  it  be  one :  but  it  is 
deserving  of  notice  that  the  supposed  I^pidodendruy  &c.,  do  not 
occur  in  the  same  beds  with  the  GJossopteris,  &c.,  described  by  Mr. 
McCoy,  but  they  occur  apparently  in  similar  relation  to  the  animal 
remains  in  other  paits  of  the  country.  And  they  may,  for  any- 
thing known  to  the  contrary,  occupy  a  corresponding  position  in  re- 
lation to  the  lower  members  of  the  "  Lower  Carbonifeiviis  "  rocks  as 
the  supposed  "  Jurassic"  plants  do  to  the  upper  members  of  that 
formation.  The  whole  affair  is  mysterious,  and  leads  to  an  opinion 
that  the  hitherto  received  conclusion  must  be  modified. 

Within  the  last  few  years  the  search  for  coal  has  been  greatly  on 
the  increase  in  New  South  Wales  ;  and  various  deep  shafts  have  been 
sunk  between  the  back  of  the  clifis  at  Newcastle  and  the  junction  of 
the  Hunter  and  Williams  Rivers,  near  which  at  Muree  (Baymond 
Terrace)  many  of  the  animal  remains  described  by  McCoy,  Dana, 
and  Morris  were  found.  Some  of  these  shafts  show  an  uninter- 
rapted  series  of  coal-measures  to  a  depth  of  400  feet,  without 
reaching  the  floor  of  the  basin.  Coui)led  with  the  facts  aheady 
enumerated  and  divers  others,  such  as  the  occurrence  of  coal  and 

By  Dana : — 

Cotiiferoe.  Gloesopteris  (?)  oordnta. 

Noeggerathia  spatulata.  —  linearis,  McCoy, 

media.  Phyllotheca  anstralis,  Bronffn. 

elongata.  Morris,  Clastoria  auatralia. 

Sphenopteris  lobifolia,  Morris,  Anarthrocanna  australi*. 

GloBsoptciis  Browniana,  Brongn.  Cyatoseiritea  (?). 

ani^la.  Auatrella  rigiaa. 

Reticiilum.  Confemtea  (?)  tenella. 

—  olongata. 
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fossilized  wood  in  the  midst  of  the  Muroe  fossils, — the  existence  of 
ooal  in  association  with  beds  of  fossils  of  Lower  Carboniferous  age  on 
the  Page  Eiver,  as  at  Coyeo  and  at  the  back  of  Mount  Wingen, 
where  the  coal-beds  (on  fire)  contain  plants  equivalent  to  those  of 
Mulubimba,  and  appear  to  be  lower  than  the  Spirifer-bearing  beds 
on  the  ranges  above  them, — the  occurrence  of  similar  phenomena  as 
to  the  presence  of  the  fossilized  wood  both  in  the  Glossopteris-beds 
of  Mount  Eeera  and  in  the  Spirifer-beds  of  Black  Head,  and  others 
elsewhere — ^it  does  clearly  appear  that,  in  the  present  state  of  our 
knowledge  of  the  stratigraphical  disposition  in  New  South  Wales,  it 
is  impossible,  without  a  grave  doubt,  to  admit  that  the  whole  of  our 
coal-measures,  if  any,  are  of  Oolitic  age.  A  more  likely  solution 
of  the  difficulty  would  be  the  adoption  of  the  conclusion  that  either 
the  plants  are  not  necessarily  "  Oolitic,"  or,  if  some  of  them 
are,  there  is  a  descending  order  of  an  epochal,  as  well  as  succes- 
sional  kind,  which  may  fill  up  the  gap  assumed  in  theory,  by  suffi- 
cient evidence  to  remove  the  difficulty  there  is  to  all  in  receiving  it  as 
satisfactory. 

That  the  Carboniferous  formation  in  Australia,  whatever  becomes 
of  the  disputed  beds,  is  of  very  great  thickness,  may  be  conceived 
from  the  fact  determined  by  me  when  I  was  in  Tasmania  last  March, 
that  the  "siliceous  breccia"  of  Strzelecki*  is  a  member  of  this 
formation.  Mr.  Gould,  the  accomplished  director  of  the  Geological 
Survey  of  Tasmania,  will,  it  is  to  be  hoped,  very  shortly  furnish  us 
with  certain  data  respecting  some  of  the  points  discussed  above. 

As  much  of  the  coal  of  the  southern  part  of  Tasmania  is  chiefly 
anthracite,  it  would  be  interesting  to  show  whether  it  is  older  than 
the  seams  of  Jerusalem,  Richmond,  Jericho,  Fingal,  the  Mersey,  &c., 
and  if  any  phytological  evidence  exists  for  connecting  it  with  the  age 
of  the  Lepidodendra^  &c.,  of  New  South  Wales ;  whether  all  the 
ooal  in  Tasmania  is  younger  than  the  whole  of  the  **  Carboniferous" 
beds  with  animal  remains ;  whether  the  coal  of  the  Mersey  is  con- 
nected with  the  latter  in  the  same  way  as  the  coal  is  at  Stony  Creek 
near  Maitland,  or  is  rather  related  to  the  coal  of  the  Tertiary  deposits 
near  Launceston. 

If  it  is  the  case  that  in  India  genera  of  plants  stereotyped  as 
*'  Jurassic  "  are  found  in  varying  species  in  other  formations  besides ; 
if  the  identity  asserted  for  such  plants  in  distant  countries,  such  as 
India  and  Yorkshire,  is  disproved — if  the  Richmond  plants  are  now 
acknowledged  to  be  older — ^if  the  reputed  age  of  certain  plants  in 
Africa  is  in  the  same  category, — it  may,  perhaps,  be  yet  proved  that 
the  assumption  of  the  "  Oolitic"  era  for  that  of  the  Australian  coal 
is  also  too  general  a  deduction  conjointly  from  such  facts  as  we  have 
and  from  the  want  of  more,  especially  such  as  the  want  of  good 
nnmistakeable  deposits  in  which  the  animal  remains  will  leave  no 
further  room  for  doubt.  Beyond  two  specimens  found  in  the  super- 
ficial Tertiary  gravel  at  Melbourn,  no  one  has  pretended  to  have 
discovered  in  situ  any  shell  or  other  animal  remains  of  Oolitic  age 

•PL5.flg.2. 
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in  all  Anstralla  *.  Looae  oa  tlie  surface  in  iliD  neighbourkKid  of 
Grafton  J  oa  the  CUreace  Eiver,  ft  portioii  of  aa  Ammonite  wm  oka 
picked  up  iiad  brought  to  me ;  but  it  muy  ha^c  Iwea  dropped  by  im 
emigrant  from  Europe,  and  is  of  ao  ?alue  in  ao  important  iiquofttki, 

Different,  howcvoFj  is  tho  testamoay  of  mj  late  friend  Leichhiidl, 
who  was  both  a  good  hotaaist  aad  a  good  gt?ologist,  and  who  left 
with  me  his  MR,  journal,  ia  German,  of  a  geological  exccasiim  ta 
the  aorthwftrd  in  the  year  1S42.  Ho  thefeia  mentions  thai  be 
obtained  a  plant  (named  by  him,  doubtfully  at  the  time,  *•  Equuihm 
obtuse  s(  rial  urn  T^  but  which  was  afterwaida  foimd  to  be  a  Phtflk- 
theca)  from  one  of  the  lowest  beda  in  the  eectioa  at  Harper's  Hill, 
so  well  kaowa  for  its  abundant  **  Lower  Carboniferous "  animal 
forms ;  and  he  further  says  that  he  eansiders  that  h&i  wa#  sqairaka^ 
to  eae  of  tho  beds  in  the  cliff  at  Newcastle,  Tbefe  ie  ae  dmiM 
that  that  plant  was  in  the  mitlst  of,  and  far  below^  nbells  and  oltal 
fossils  resxieuting  which  thei^  is  no  dispute.  It  is,  in  abort, 
well  agreeing  irith  the  evidenee  from  Stony  Creek. 

In  venturing  on  this  oxtoadcd  discuasioa  of  a  difficulty,  my  cki* 
objeet  has  beea  to  show  that  the  age  of  the  Australian  cool -beds   t* 
not  sulfieiently  determined  at  preseat  to  justify  their  being  used 
teat  of  *'  Jurassic"  agc^  of  coal-beds  in  other  eouatiies. 

At  the  same  time  I  may  add  bow  mueb  I  hare  been  gratified 
obtaiaiag  Baron  do  Zigno's  work,  and  that,  notwithstanding 
have  written,  I  am  open  to  the  conviction  of  etidenoe, 


\  dmuvt 
doltalj 
a&^ 


^ 


4,  Prof,  HrsLET,  SecG.B*,  made  the  following  obserrmtimiB 
eome  Iteptilian  Ilemaina  from  North-western  Bengal  ,'^6anEie  boE^  "? 
found  by  Mr.  Bhmlbrd  in  the  up|>ermoeit  portion  of  the  **Lr)i^^ 
Djimiida"  gi-oap  of  strata  ia  the  llaaigunj  coal-field,  and  forwarc^3< 
to  Prof.  Huxley  by  Dr.  Oldham,  have  proved  to  belong  to  Labyr"^^ 
thodoat  Amphibia  aad  Dicynodout  Hep  tiles,— hereby  affording  m 
and  interesting  links  with  the  fossil  tauna  of  the  Karoo  Beds 
South  Afriea,  and  largely  increasing  the  probability  that  the  rock^^ 
which  they  were  found  ans  of  Tnttaic  age> 


Notes  on  some  furihtr  Distoveries  of  FtTKT  l^PiMw^wm  m  Ihfs 
Post- Pliocene  Gr-itel and Clj.t  ;  unth n  ftw  Smjtjfsiiamfor  St^tm'^ 
ehetvJtere,     By  Joseph  PEESTWien^  Esq,*  FJi.S.,  Treas.Oi?, 

[Tlii*  papef,  read  on  May  Stlii  ia^  by  onler  of  tJje  C^undli 
Au^ruflt  Ko.  of  tho  JoiimaL  tJwit  li  tDHj  bo  u  useful  as 
during  their  autumn  cicumiotui.] 

SnrcK  my  communication  U)  the  Boyal  Society f  on  the  du 

of  Flint  Implements  in  post^pliocene  beds  at  Abbeville,  A    

and  Hoxne,  simUar  in:Lpleme&ta  hav§  been  found  in  a  f«w  uew  la-^* 

*  FofliilH  of  Fppr  MesoEoio  mj^*  hiivc  bcwj  hrcmglit  to  Ea^laad  hom  Wmmto 
Australia  bj  Mr.  F.  T.  Greeoiy,  and  uotiood  in  hj:i  puper  f«adbe&u«  Hm  Ga^ 
git^  Sot-ictT  on  Mny  22,  1861.— Edit, 

t  Phil  Tram,  for  1860,  p.  2T7, 
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alities  in  this  oountryjas  well  as  abroad.  It  is  not  my  object  at  pro- 
mt to  enter  into  a  full  account  of  these  additional  diBcoveries,  or 
>  touch  npon  the  many  and  tempting  theoretical  considerations 
hich  suggest  themselves,  but  which  yet  require  further  and  more 
iried  data.  It  is  for  these  reasons  that  I  limit  myself  to  a  brief  stra- 
graphical  description  of  these  localities,  for  the  purpose  of  directing 
itention  to  them  before  our  Session  closes,  and  also  to  suggest  a 
w  other  localities  where  search  should  be  made,  in  the  hope  that 
iring  the  ensuing  summer  other  members  of  the  Society,  who  may 
ive  the  opportunity  of  visiting  some  of  these  places,  may  join  in  the 
'.arch  and  discover  fresh  facts  to  throw  additional  light  upon  this 
iteresting  inquiry. 

Suffolk, — In  the  course  of  the  summer  of  1860  Mr.  Warren,  an 
ntiquary  residing  at  Ixworth,  near  Bury  St.  Edmonds,  searching  for 
U>nian  antiquities  at  Icklingham,  between  that  town  and  Mildonhall, 
eceived  from  one  of  the  workmen  a  peculiarly  worked  flint  implo- 
nent.  The  man  told  him  he  foimd  it  at  a  depth  of  4  feet,  in  digging 
he  gravel  at  Rampart  Hill.  Shortly  afterwards  Mr.  Warren  in 
coking  over  a  heap  of  gravel  by  the  road-side  in  that  neighbourhood, 
X)und  another  specimen  5  inches  long  and  of  similar  form.  Ho 
x>nimunieated  the  discovery  to  Mr.  Evans,  and  this  gentleman  and 
myself  took  an  early  opportunity  of  visiting  the  place.  In  descend- 
ing the  valley  of  the  River  Lark,  below  Bury  St.  Edmonds,  we 
traced,  at  a  level  a  little  above  the  river,  a  nearly  continuous  bank 
of  gravel.  At  Flompton  I  discovered  in  this  gravel  a  small  frag- 
ment of  some  mammalian  bone*,  but  neither  there  nor  elsewhere 
did  we  meet  with  any  flint  implements.  The  gravel  is  composed 
chiefly  of  sub-angular  flints  in  an  ochreous  sandy  matrix.  Mixed 
with  it  are  a  considerable  number  of  siliceous  pebbles  from  the  con- 
glomerate beds  of  the  New  Red  Sandstone,  with  pebbles  of  the  older 
rocks,  and  fragments  derived  from  the  boulder-clay,  than  which,  both 
from  its  position  and  these  mineral  contents,  I  believe  it  to  be  newer. 
It  is  spread  out  in  rough  irregular  beds  interstratified  with  scams  of 
Sand.  We  could  find  no  shells.  The  following  section  (fig.  1)  shows 
ihe  relation  of  this  gravel,  a,  to  the  valley  and  to  the  boulder- clay. 

Although  the  two  specimens  in  Mr.  Warren's  collection  want 
aore  conclusive  evidence  as  to  their  original  position,  yet  neither 
•Ir.  Evans  nor  I  feel  much  doubt  of  their  deiivation  from  true  drift- 
travels  ;  for  in  shape ,  staining y  and  condition  they  agree  precisely 
vith  the  flint  implements  of  the  valley  of  the  Somnie.  The  Ickling- 
lam  gravels  should  now  be  the  object  of  a  careful  and  long-con- 
inued  search.  ThLs  is  the  second  locality  where  flint  implements 
lave  been  found  in  Suffolk ;  Hoxne  being  situated  in  the  north-east 
part  of  the  county  adjacent  to  Norfolk  and  in  the  valley  of  tho 
Wavcnoy,  which  runs  into  the  German  Ocean.  Icklingham,  on  the 
contrary,  is  within  a  short  distance  of  Cambridgeshire,  and  in  the 
valley  of  the  Lark,  flowing  into  the  Ouse,  which  empties  itself  into 
the  Wash  at  Lynn. 

*  Teeth  of  the  Mtphtu  primigenius  are  foimd  in  the  gravel  elsewhere  in  the 

oeighboiirliood  of  Bury  St.  Edmonds. 
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I/. — ^In  August  last  year  Mr.  T.  Leech,  while  searching  for 
in  the  diflfe  between  Heme  Bay  and  the  Reculvers,  ac- 
ally  found  in  the  shingle  at  the  foot  of  the  cliff  a  well-formed 
njdement.  This  induced  him  to  make  further  search,  and  in 
»ur8e  of  the  few  weeks  he  spent  there  he  found  altogether 
ecimens.  They  are  all  of  the  spear-head  pattern,  so  common 
dens.  One  specimen,  however,  is  peculiar,  and  so  far  unique ; 
pointed  implement  formod  out  of  large,  smooth,  egg-shaped  ter- 
iint-pehbh.  One  end  of  the  pebble  is  brought  to  a  sharp  point, 
le  other  retains  its  smooth,  rounded  surface.  In  February  last 
rans  and  I,  accompanied  byMr.  Leech,  visited  the  place,  and  after 
ch  of  some  hours,  Mr.  Evans  found  two,  and  I  found  one  well- 
and  undoubted  specimen.  They  wore  lying  on  the  sand  and 
ie  at  a  distance  of  from  20  to  30  feet  from  the  foot  of  tho  cliff, 
istant  three-quarters  of  a  mile  west  from  tho  Eeculvers,  and  a 
to  the  eastward  of  Old  Haven  coastguard- station  *.  We  searched 
liff  for  them  in  situ,  but  without  success.  It  is  to  be  hoped 
the  upper  part  of  the  cliff — the  part  to  be  searched — may 
t  more  accessible  during  the  summer  months.  I  satisfied  my- 
howcver,  so  far  as  to  determine  that  at  that  spot  there  is  at 
op  of  the  cHff,  which  consists  in  its  lower  part  of  the  Thanet 
I  and  "Woolwich  scries  t,  a  local  pebbly  clay  deposit  of  small 
it  and  about  8  feet  thick,  and  which,  I  have  reason  to  believe,  is 
38h-water  origin,  as  it  closely  resembles  the  fossiliferous  deposit 
mentioned.  It  is  to  this  bed  that  I  would  refer  tho  flint  im- 
ents.  Its  height  above  the  sea-level  is  about  50  feet.  The 
xed  section  fig.  2  shows  the  relation  of  this  bed,  a,  to  the  soa- 
,  and  to  the  presumed  older  gravels,  b,  which  cap  the  higher 
ad. 

few  years  since  I  found,in  a  section  at  Swalecliff  near  Whitstable, 
Bhwater  deposit  (a  in  the  western  part  of  fig.  2),  overlying  the 
Ion  claj,and  abounding  in  land- and  marsh-shells,  with  which  were 
iated  a  few  mammalian  bones.  I  again  visited  the  spot  on  my 
n  from  Abbeville  in  1859,  in  the  hope  of  finding  flint  implements, 
earch,  however,  was  not  successful.  We  now  again  returned  to 
pot  to  make  a  further  investigation.  On  this  occasion  we  had  no 
T  reached  the  small  bay  east  of  the  cliff,  than  Mr.  Evans  was 
late  enough  to  find,  lying  on  the  shore,  an  oval-shaped  flint 
ment,  identical  in  form  with  those  so  common  at  Abbeville, 
jpecimen  was  further  interesting  from  its  deep  discoloration, 
jsesses  that  bright  light-brown  colour  which  characterizes  tho 
nens  from  the  gravel  of  Moulin  Quignon.  Wo  searched  the 
or  specimens  in  situ,  but  did  not  succeed  in  finding  any.  Wo 
)d,  however,  that  tho  fossiliferous  clay  was  underlain  by  a  bed 
ivel,  the  flints  in  which  had  the  same  peculiar  brown  colour  as 

a  old  wooden  spout  projecting  from  the  upper  part  of  tlie  cliff  may  at 
t  serre  as  a  guide  to  tiie  spot. 

9r  the  general  section  of  this  part  of  the  coast  see  m j  paper  m  the  Joumali 
i  pt  XT.  p.  2dl 
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the  flint  implement.  On  a  subsequent  visit,  Mr.  Evans  found  a 
small  fragment  of  the  tooth  of  elephant  in  this  gravel  high  up  in  the 
cliff.  This  freshwater  bed  forms  one  of  a  series  which,  commeudng 
at  Cliislet*  near  Grove  Ferry,  where  the  de|K)sit  contains  the  CynM 
fiamhutlis  T^ith  other  fresh- water  and  also  some  few  marine  tostdliy 
seems  to  fi-inge,  at  intcr\'als,  this  range  of  hills.  This  particular 
deposit  at  Swalecliff,  although  consisting  of  tenacious  clay  with  an 
interstnitified  bed  of  sand  and  of  gravel,  is  more  analogous  to  the 
loess  in  its  organic  remains  than  to  the  Wear  Farm  deposit ;  ftr 
hitherto,  although  the  Pupa  inarfjinata  and  Succitua  oblonga  are 
extremely  abundant,  and  a  small  HcUa:  is  not  rare,  yet  I  have  not  been 
able  to  obtain  a  single  truly  aquatic  shell.  The  relation  of  these 
beds  to  the  boulder-clay  is  not  here  sho\\Ti. 

Bedfonhhire, — Another  impoi'tant  and  better-observed  discorery 
has  just  been  made  near  Bedford,  by  Mr.  Jamcis  Wyatt,  F.G.S.  A  few 
years  since,  a  remarkable  number  of  the  bones  of  the  ElepJianty  BJuno- 
C€ros,  Hip^mpotamuSy  Ox,  Horse ,  and  Df^r  were  discovered  in  cutting 
through  a  bank  of  gravel  about  one  mile  north  of  Bedford  on  the 
Great  Northern  line  of  railway  t.  Mr.  Evans  and  I  shortly  after- 
wards, accompanied  by  Mr.  Wyatt,  visited  this  and  other  sections  of 
gravel  near  Bedford.  The  following  year  Mr.  Evans  discovered  in 
tlio  large  gravel-jut  at  Biddcnham,  two  miles  AV.X.W.  from  Bedford, 
both  land-  and  fieshwater-shclls  at  a  depth  of  8  feet  from  the  snr- 
fac«.  These  circumst^mces,  combined  with  the  experience  acquired 
by  a  visit  to  Amiens  in  the  autumn  of  1 800,  induced  Mr.  Wyatt  to 
turn  his  particular  attention  to  this  pit,  which  has  since  bei'U  to  him 
the  object  of  almost  a  daily  pilgrimage.  After  a  search,  continutd 
for  many  niontha,  he  has  at  last  been  rewarded  by  finding  two  well- 
fonned  flint  implements,  one  of  the  spear-hoad  shape  and  the  other 
oval, — counteri)arts,  in  fact,  of  tlie  two  chief  French  types.  The  men 
had  been  digging  deeper  than  usual,  and  it  Wiis  in  a  heap  of  gravel 
just  thrown  out  IVom  a  depth  of  about  13  feet  that  Mr.  Wyatt  found 
on  the  same  day  both  specimens.  A  lctt<?rj  from  that  gentleman 
gives  the  details  of  his  interesting  discovery.  I  have  since  viatcd 
the  pit  in  company  with  Sir  diaries  Lyell,  Mr.  Evans,  and  Mr.  Wyatt 
It  is  situated  on  .slightly  rising  ground,  about  30  to  35  feet  above  the 
level  of  the  adjacent  llivcr  Ouse  (fig.  3).  It  happens  that  there  is  an 
old  well  in  tliis  pit,  tlie  sill  of  which  is  about  7  feet  below  the  former 
level  of  the  ground.  I  ascertained  the  level  of  the  water  to  be  21  feet 
9  inches  below  the  sill.  ITiis  therefore  gives  us  29  feet  fh)m  the 
top  of  the  ground ;  and  if  we  add,  say  one  foot,  for  the  fall  of  the 
water-line  to  the  river,  we  have  30  feet  as  the  height  here  of  the 
top  of  the  gravel  a  above  the  level  of  the  river.     The  following  ii 

*  See  another  paper  by  tlie  author,  in  tlie  Journal  of  the  Society,  voL  xi.  p.  111. 

t  A  very  large  quantity  of  the  bones  were  colK»ted  by  Mr.  Bi^ade ;  but  unfo^ 
tunatoly  no  systematic  search  was  made,  and,  with  this  exception,  no  collectioi 
fonued. 

t  It  is  not  now  necessarv  to  publish  this  letter,  as  it  is  embodied  in  a  oommoni' 
ration  (to  which  I  bog  to  refer  tlie  reader)  by  Mr.  Wyatt,  to  tlie  *  Otologist'  of  Jumi 
in  which  the  sections  used  in  illustration  of  tliis  paper  and  other  particulanaii 
reproduoed. 
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the  lection  at  that  part  of  the  pit  where  the  implements  were 
_  <          Ibimd: — 

-^  ft.  in. 

cr.  Earth  and  gravelly  soil 1    0 

&.  Coane  light-coloured  gravel,  upper  part  irregularly  stained 

brown  with  apparently  infiltrated  clay 6     7 

c  White  and  yellow  sand,  with  Limneus 1     8 

d.  Whitish  fine  gravel 1     0 

e.  Seam  of  ochreous  sand  and  grey  clay,  with  JJelix  and 
Limneus 0     3 

/•  Seam  of  light-grey  sand  and  gravel 3    0 

pm  Ochreous  gravel  with  an  irregular  seam  of  grey  sandy 

clay,  containing  Cyclas  and  Limneus 1     € 

^tlietwo  implemente  are  nippofled  to  have  come  from  the  bed  y.  -^^ 

13  e 

llieseamB  are  very  variable.    The  gravel  is  subangular,  and  is  com- 

I^^  of  fragments  of  flint,  local  Oolitic  dcl)ris,  pebbles  of  quartz  and 

^iQiceouB  sandstones  of  the  New  Bed  Sandstone  conglomerates,  witli 

^^ents  of  various  old  rocks.     In  the  lower  bed  are  a  considerable 

^^ber  of  small  blocks  of  sandstone,  oolites,  and  large  flints.    The 

^l^elb  are  dispersed  throughout  from  a  depth  of  5  feet  to  the  base 

^|,^^aie  mostly  in  fragments,  but  occasionally  perfect.    I  have,  witl 

^^  aasistanoe  of  Mr.  Pickering,  determined  the  following  species : — 

CjcIbb  oomeui.  BithinU  tentaculata. 

PUidiiim  amnioom.  LimneuB  auricularis. 

pulchellom.  pen^ger. 

Helix  hispida.  Planorbis  carinaius. 
puldieUA.  ValTata  pucinalia. 

^w^  >A  considorable  number  of  the  teeth  and  bones  of  the  EJephasprimi' 

.Sw^if»,  Ehinoeeros  tieharhtnus,  and  of  the  Horse,  Ox,  and  Deer  have 

^  '^^Vn  found  in  this  pit,  chiefly  at  or  near  the  bottom  of  the  gravel.  No^ 

^"^^       is  evident  that  a  certain  portion  of  the  materials  of  the  gravel  an 

umL  but  still  there  is  a  large  foreign  element  independently  of  thi 

at?  Ab  the  valley  drains  only  an  oolitic  district,  which  could  not  hav< 

-^Tikhed  any  such  materials,  it  is  evident  theymust  have  been  derivec 

4^^aj  the  boulder  clay,  which  caps  the  hills  of  the  district  and  contaim 

^S^(L^  reauired  elements.  The  hills  north  of  Bedford  consist  of  boulder- 

^^^^  A  ABdo  also  those  west  of  Biddenham ;  they  both  rise  to  a  heighl 

'"^^   Ji^nfc    100  feet  above  the  river,  and  are  separated  by  a  vallej 

^^^Ik  *     -fL  brood.     In  this  valley  the  gravel  forms  a  wide,  nearly  level 

V^k^  ^lin^to  80  feet  lower  than  the  hills,  but  stiU  20  to  40  feet  abov€ 

Jl^t,  ^^^     ^f  (jie  present  river.    We  have  hero  therefore,  as  a< 

4V(e    '^^^Vi  other  good  case  of  the  flint-implement-bearing  beds  being 

^oxn^ff^  ^^  boulder-cloy;  whUst  in  general  physical  characters 

XAc^'^^  iS^n&tnze  and  variety  of  the  organic  remains  we  are  strongly 

And  i^^^  of  the  gravel  beds  of  St.  Acheul,  near  Amiens. 

4]^,xiindea  01  ^^»  ^    ^^  yeaw  ago.  Mr.  Whitburn,  of  Guildford,  was 

jS^^^^f^jTihe  gravel'idta  at  Ip^a^marsh,  between  that  toi^-n  and 

^^  rait^'^^    A.-  fWflflil  bones 
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interstratified  with  the  gravely  at  a  depth  of  about  4  feet  from  the 
Burfaeo.  He  took  it  away  and  preserved  it  in  his  collection  as  an 
object  of  antiquarian  rather  than  of  geological  interest.  Hearing, 
however,  of  the  late  discoveries  at  Amiens  and  Hoxne,  he  sent  the 
specimen,  with  an  account  of  his  finding  it,  to  Mr.  Evans.  It  is  an 
undoubted  flint  implement,  rude  and  of  a  pe<;uliar  wedge-shaped 
form.  I  have  one  specimen  from  8t.  Acheid  with  which  it  doeeljr 
agrees.     This  of  course  can  be  considered  but  as  a  possible  instance. 

Hertfordshire. — It  is  only  ten  days  since  Mr.  Evans,  while  walk- 
ing with  some  antiquarian  friends  from  Nash  Mills  to  Abbob 
Langley ,  was  struck  with  the  great  number  of  quartz,  siliceous  sand- 
stone, slate,  and  other  old  rock-pebbles  and  fragments  scattered  over 
a  field  near  the  latter  place,  and  was  still  more  surprised  at  finding, 
among  this  surface- dnft,  a  weathered  flint  implement  with  the  top 
broken  oflf,  but  otherwise  identical  in  form  with  the  spear-head- 
shaped  specimens  from  AmicDs  and  Heme  Bay.  Although  found  on 
the  surface,  Mr.  Evans,  who  is  most  competent  authority  on  this  point, 
does  not  consider  it  to  belong  to  the  Stone-period.  On  the  eontrarr, 
he  would  refer  it  to  the  Pleistocene  age.  I  have  been  with  him  to  the 
spot  where  it  was  found.  The  chalk  hills  are  here  about  200  feet  above 
the  level  of  the  Boxmoor  valley,  and  are  in  places  bare,  and  in  other 
places  thinly  covered  with  gravelly  drift.  Between  this  peculiar  drift 
and  the  flint  implement  I  myself  saw  no  connexion,  and  I  can  mer^ 
mention  the  fact  without  Vjcnturing  to  speculate  upon  it. 

"We  have  thus,  at  all  events,  three  additional  counties  in  which  Post- 
pliocene  flint  implements  have  been  found ;  and  I  would  now  direct 
attention  to  a  few  other  localities  where  there  are  beds  of  fresh- 
water gravel  and  sand,  or  of  freshwater  and  other  associated  graveU 
in  which  I  think  it  highly  probable  that  flint  implements  may  occur. 

Places  for  further  Search. — ^I  would  more  especially  direct  attention 
to  the  gravel-  and  clay-pits  at  Oopford,  Lexden  near  Colchester,  and 
Sudbury;  the  brick-pits  at  Erith,  Grays,  Hford,  Maidstone,  and  Salis- 
bury ;  the  low-level  gravel-beds  at  or  near  Alton,  Axminster,  Bath, 
Blandford,  Brentford,  Cambridge,  Chartham,  Chesterford,  Chichester, 
Chippenham,  Croydon,  Deflford,  Dover,  Famham,  Faversham,  Fdk- 
stone,  Gloucester,  Godalming,  Hackney,  Hertford,  Hurley,  Kingslind, 
Oxford,  Peasemarsh,  Beading,  Selsea,  Stafford,  Stamford,  Stroud, 
Taplow,  Wandsworth,  Westbury,  Worcester,  and  Orton  near  Pete^ 
borough,  as  some  of  the  places  in  the  south  of  England  where,  I  think, 
flint  implements  may  also,  by  diligent  search,  possibly  be  found.  I  aj 
**  diligent,"  because  even  in  places  where  tliey  are  moet  abnndaat, 
as  at  St.  Acheul,  the  search  must  be  long  before  the  obsenrer  ifl 
rewarded  by  finding  a  single  specimen ;  whilst  in  other  placei  the 
search  often  seems  for  a  time  almost  hopeless.  Judging  from  pre- 
cedents, our  motto  should  be  NU  deBptrandvm. 
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}.  Gras. — Sur  roiJ(K>sition  que  Ton  observe  souvent  dans  les  Alpes 
entre  Tordre  stratigraphique  des  couches  et  leurs  caractdres  pal^n- 
tologiques,  suivi  d  un  nouvel  exemple  de  cette  opposition,  17. 

if  orin  et  Tresca. — ^Determination  du  coefficient  d'^lasticite  de  Talu- 
minium,  63. 

fL  Siunte-Claire  Deville  et  H.  Debray. — ^De  la  m^tallurgie  du  platine 
et  des  m^taux  qui  Taccompagnent,  71. 

9l.  Delesse. — Recherches  d'azote  et  des  mati^res  oiganiques  dans 
r^coroe  terrestre,  161. 

.    Memoires  de  I'Acad.  des  Sciences  de  I'lnstitnt  Imperial  de 
ance.    Vol.  zxviii. 

.    Comptes  Rendns  hebdom.  des  Stances  de  I'Acad.  des  Sciences. 
60,  Deux.  Semestre.    Vol.  li.    Nos.  23-26. 

.    .    1861,  Prem.  Sem.    VoL  liL    Nos.  1-5. 
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Paris.    Boo.  QioL.  de  Franoe.    Bulletin  de,  pp.  1025-1158.    B^ 
union  extraordinaire  k  Lyon  (Bhdne)  da  1*  an  11  Septembre, 
1869. 
Gras,  S.,  et  Foumet — Sur  lea  caractdres  du  terrain  de  transport  connii 

aux  environs  de  Lvon  sous  le  nom  de  "  diluvium  alpin "  ou  ds 

"  conglom^rat  breswin,"  1028,  1033. 
Foumet — Sur  les  ph^nomenes  du  lehm,  1040. 
■  Sur  le  mont  d'Or  et  sur  son  systeme  iriassiquei  1063. 

.     Sur  les  cailloux  impressionn^'s,  1103. 

— .    Sur  les  roches  schisteuses  dites  "  comes  vertes  "  et  "conea 

rouffes,"  1131. 
Th.  Ebray. — Sur  la  constitution  gp^ologique  du  d6p.  du  Mont^'Or, 

1069. 
£.  Dumortier. — Sur  le  terrain  jurassique  du  Mont-d'Or,  Lyomuis, 

1066. 

.    Sur  les  tufs  calcaires  de  Mesdmieux,  1099. 

Fisserandot — Sur  le  terrain  houiller  de  Temay  et  de  Communaf y 

1115. 
Brian. — Sur  le  terrain  houiller  de  Communayi  1116. 

. .    Bulletin  de  la  Soci^t^  Geologique  de  Franoe.     Deux.  S^- 

Vol.  xvii.     Feuil.  45-52.     1860. 
Melleville. — Description  geologique  de  la  montagne  de  Laon,  710. 
J.  Comuel. — Sur  le  groupe  de  gr^  vert  inf^rieur  du  bassin  de  1» 

Seine,  etc.,  736. 
Bureau. — Sur  Texistence  de  trois  stages  distincts  dans  le  teirain  d^ 

vonien  de  la  Basse-Loire,  789. 
Ch.  Lory. — Sur  le  gisement  de  la  craie  blanche  dans  la  vall^  d'En^' 

tremont  (Savoie),  789. 
Hubert — Sur  le  travertin  de  Champigny  et  sur  les  couches  entreles'' 

quelles  il  est  compris,  800. 
EnL  Goubert — Schistes  &  Lucines  dans  le  gypee  d^Argenteuil,  81i 

Philadelphia  Academy  of  Nat.  Sciencea.  Proceedings.   Sheets  1M2— 
F.  B.  Meek. — ^New  Species  of  Fossils  from  Nebraska,  28. 
W.  M.  Gabb.— J?e^oM^  Unaula  from  Texas,  324. 
F.  B.  Meek  and  A.  H.  Worthen. — ^New  species  of  CarboniferoiisCri^ 

noidea  and  Echinoidea,  379. 
F.  B.  Meek  and  F.  V.  Hayden.— Catalogue  «f  Jurassic^  CretaceooSr 

and  Tertiary  Fossils  from  Nebraska,  417. 
B.  C.  Wood.— Carboniferous  Flora  of  the  United  States,  436,  5ia 
F.  B.  Meek  and  A.  H.  Worthen. — ^New  Species  of  Carboidferous  Fos* 

sils  from  Iowa,  Illinois,  &c.,  447. 
J.  Marcou. — Jurassic  Fossils  of  New  Mexico,  548. 
W.  M.  Gabb.~New  Species  of  Tertiary  Fossils  from  Central  Ame- 
rica, 567. 

.    .    Journal.    New  Series.    Vol.  iv.  Part  4.    180). 

W.  M.  Gable. — ^Descriptions  of  New  Species  of  American  Tertii7 
and  Cretaceous  Fossils,  376  (3  plates}. 

•    American  Philosophical  Society.    Laws  and  B^g^olations,  as^    ' 

list  of  Members,  1860.  j 

— .    .    Proceedings. 

Emenon. — ^Phosphorescence  of  Diamond,  176. 
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idfflphift,    American  Fhiloeophical  Society.  Tranf actions.   New 
Series.    VoLxi.  Part3.    1860. 

tographic  Society.    Journal.     Nos.  105 — 107. 

rterly  Jonnial  of  Microscopical  Science.    New  Series.    No.  1. 
January  1861. 

Society.     A  History  of  the  Spiders  of  Great  Britain  and  Ire- 
land.    By  John  BlackwaU.     1861. 

al  €k>Il^e  of  Physicians.    list  of  Fellows,  &c.     1860. 

al  Dublin  Society.    Noe.  18  and  19  (in  one).    July  and  October 
1860. 

S.  Hau^ton. — ^Arctic  Fossils,  53  (4  lolates). 
W.  J.  Wonfor. — ^Analyses  of  the  White  Limeslone  of  Antrim,  77. 
J.  Bimey. — Solubility  of  Qranite  in  solutions  of  the  Ammoniacal 
Salte,'80. 

b1  Geographical  Society.    Journal.     Yol.  ziii.     1860. 
Address  and  Obituary  Notices,  c. 

C.  Le^-in. — Mexico  [Mines,  &c.],  1  (Map). 

H.  de  Saussure. — Ancient  Volcano  (San  Andres)  in  Mexico,  63. 
E.  G.  Squier. — ^Lake  of  Yojoa  in  Honduras,  68  (Map). 
G.  J.  Pntchett— Ecuador,  64  (Man). 
L.  Oliphant— The  Yangtze  or  Ta-kiang,  76  (Map). 
J.  Stokes.— The  Lower  Danube,  162  (Map). 
J.  Sanderson.— Orange  River  Free  State,  &c.,  233  (Map). 
R  Palmer.— St  Helena,  260. 

J.  Palliser  and  J.  Hector. — Country  between  Lake  Superior  and 
Vancouver  Island,  267  (Map). 

fal  Horticultural  Society.     Proceedings.     Yol.  vi.     Nos.  20,  22. 
January  and  March  1861. 

fal  Society.     Proceedings.    Yol.  xi.     No.  42. 
W.  J.  Bowditch.— Coal-gas,  26. 

detyofArts.   Journal.   Nos.  424-436.   January-March  1861. 
Consular  Information,  08, 110, 197,  224 
G.  R.  BumelL — Water-supply  of  Ix)ndon,  169. 
H.  Willrins.— Rock-oil,  179. 
A.  K  Isbister.— Hudson  Bay  Territories,  230. 
H.  W.  Revelly.— Ventilation  of  Mines,  262. 

D.  T.  Ansted. — Arrangement  of  Minerals  and  Mineral  Manufactures 
at  the  Exhibition  of  1862,  277. 

C.  Tomlinson. — ^Paraffine,  296. 

itoria.  Philosophical  Institute  of.  Transactions.  Yol.  iv.  Part  2. 
L860. 

J.  E.  Woods.— Some  Tertiary  Rocks  at  Portiand  Bay,  169. 

W.  L.  Morton. — ^Northern  District  of  Queensland,  188  (Map). 

P.  Nissen. — ^Elementary  Substances  originating  and  promotmg  Civi- 
lization, xxzv. 

J.  Macadam. — Spurious  Gold  in  Yictoria,  li. 

.    Guano-deposit  in  Port  Phillip  B^,  lii. 

.    Black  Auriferous  Sand  from  the  iNicholBon  Diggings,  liiL 

Report  on  the  Rasooiees  of  the  Colony  of  Yictoria. 


are 
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Yitjnna.    Sitznngsberichte  d,  K,  Akad,  d.  Wueeoieti.i  If atJi^-lwtifffi 
Claase.     Vol.  xxxix.     No.  6,     imO. 

K,  Yon  Hiiuer. — Ucber  eine  eeleniotm  Salie,  837^ 
P.  WeaeUky, — Analjioa  ©iniger  Mineralieii  imd  Hiittomrododii 
841. 

A*  Weiss  und  A.  SclixsAf. — Reviaion  der  vorb*iidenen  BeoT»cbtimifi*ii 
an  krj^^taliisirten  Korpeni,  mit  euneta  Vorwone  tqq  FruC  A. 
Schrotto,  853, 

,     VoL  aOi.     Nos.  13^20,     I860, 

F*  Eolle. — Die  Lignit-AbUgertiog  dee  Beck^iaj  von  Sdldnit«n  i* 

Untt^T-Steiprmafk^  7  (1  map  and  2  ^lat^s), 
Fr.  Ungt?r» — Die  Manzeiu^ate  dor  Lignit-Abkgerujag  Ttm  Scluk* 

ateiii,  47  (2  pktpfl). 
G-  Tflchennftk.— Analyse  dee  Dfltolithea  ran  Tog^fkna,  00. 
Fr,  VDii  Ilaucr, — CepiiftlopcKleii-FBiinadcTH*llatiitter8ciik!it^l^  ^ 

(6  plat&a). 
W,  liaidmger. — Der  MeteoritTon  Slialka  in  Bancoorah  uDdderFi«3* 

dingioDit,  26  L  ^^^ 

O,  Bizio. — Aimliai  chemiea  d^W  f^cqua  miuende,  detta  Sals»o4i  ^3- 

Gottardo^  in  Ci^neda,  PpoviDcia  di  TrevL&o,  336. 
F*  von  Zfphftrovich. — Ueber  die  ICrrtitaUformen  dea  e»ig-«»to«t^^^ 

sauren  Btrontiftn  und  deA  wninileiiLsaurBn  Kftii-LitbicHi|  al6  ^^ 

plat«a). 
V.  von  Lang,— Ueber  das  Ges^^U  di^r  ratiatwlen  Verhalt3ji«  t^^ 

Tan^ent^n"  tautozonaler  Kry&tftllkaiit^ii,  526, 
R.  Nienit!»cbik. — Ueber  die  directs?  Couatnictioii  der  ftchiefiiiigi^=* 

Krvatallg&stalten  ftUi  den  Kautenwinkelii,  535  (1  plntej^ 
Fr.  AVobl«r, — Uebor  die  BeitanddieiJe  dea  Met0Oi«teui«f«  ?om  C« 

land,  565. 
W.  Ilaidinger, — Einige  neuero  Nacbiichten  uber  Metaoiit«n,  6*5" 

745. 
A.  Schrotter.— Ueber  daa  Vorkommem  dea  Oions  im  Minealiiadi^^^ 

725,  ^ 

A.  Hebrauf.— Bestimmung  dor  optiscbeii  Con^Uniteii  }£TTMDjmiU^* 

Koi-per,  709  (2  t>latee^. 
A.  Scbrotter, — Uei>er  einig«  Producte  aiis  der  Saline  m  Hi 

626, 

,     VolxlH.     No,  21,     1860, 

W.  Haidingx?T. — Der  Meteorit  von  SL-Denia^Weitrt^iiif  0, 

IL  Dauber.— -Krmittcltm^  kr^ystalloiQ^i^hyiciLer  Coii«td»teii  osd  i 

Grodt^  iiirer  Zuverlaaitgkelt,  19  (L2  plftt^), 
A.  E,  Rouga. — Die  fassilen  MoUuake  der  tertiaran  Siisewa^ork 

Bohmenflj  56  (3  plates), 

WasbmgtoQ.     Smithsonian  CoatributiimB  to  Knowledge,     T<iL  i 

1860, 


n,  PEEI0D1CAL8  PFBCHASFU)  FOE  THE  UBRAHT. 

Annalg  and  jtfagaaiBe  of  Natural  Histoty*     3rd  8erje«.    ToL ' 
Koe,  37-30.    January-March  ItiCIL. , 
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linburgii  New  Fhiloeophioal  Jouixial.    'Sew  Series.     YoL  xiii. 
No.  1.    January  1861. 
W.  L.  Lindsay.— The  Eruption,  in  May  1860,  of  the  Eotlugj^  Vol- 
cano, Iceland,  6  (map). 
H.  Edmonds.—- The  Earthquake-shock  in  Cornwall  on  the  ISth  of 

Jannaiy  1860, 100. 
W.  Thomson. — ^New  Paleozoic  G^up  of  Echinodermata,  106  (2 
plates). 

C.  H.  Bree's  '  Species  not  transmutable,'  noticed^  128. 

J.  Bewick*s  'Geological  Treatise  on  the  Distnct  of  Cleveland  in 
North  Yorkshire,'  noticed,  133. 

—  Stur. — Coal-plants  of  Bohemia,  168. 

J.  NicoL— Geology  of  the  N.W.  Highlands,  160. 

—  Hayes. — ^Iron  of  Liberia,  AJfrica,  166. 
Acton  Copper-mine,  166. 

W.  P.  Blake.— Stephanite,  brittle  silver-ore,  from  Washoe,  167. 
W.  B.  Rogers.— The  Albert  Coal  of  New  Brunswick,  167. 

Mtitut,  V.    I~  Section.    Nos.  1407-1419 ;  and  H*  Section.     Nos. 
296-298. 
Notices  of  Meetings  of  Scientific  Societies,  &c. 

eonhard  nnd  Bronn's  Neues  Jahrbnch  fiir  Min.,  Geol.  u.8.w.   Jahrg. 
1860.     Sechtes  und  Siebentes  Hefte. 
J.  Barrande. — ^Ueber  die  regelmassige  periodische  Abstossung  der 

Schaale  bei  pwissen  palaolithischen  Cephalopoden,  641  TplateV 
Dondorff. — ^Beitrag  zur  Kenntniss  der  Puddelscnlacke,  608  (plate). 
Zeuschner. — Die  Brachiopoden  des  Stramberffer  Kalkes,  678. 
J.  Barrande. — ^Neue  Beweise  einer  western  Verbreitung  der  Primor- 
dial-Fauna in  Nord-Amerika,  769. 

D.  Fr.  Wiser. — Eivstallographische  Mittheilungen,  784. 
Letters :  Notices  of  Books,  Mineralogy,  Geology,  and  Fossils. 

.     Jahrg.  1861.    Erstes  Hefl. 

O.  Volger. — ^Adular-Felspath  als  Mortel  und  Gangart  in  Schiittigen 

Fels-Massen  des  Sachsischen  Kohlen-Gebirges,  1. 
Fr.  Scharfi^ — Ueber  die  Bildungsweise  des  Aragonits,  32  (plate). 
O.  Heer. — ^Ueber  die  fossilen  Calosoma-Arten,  62. 
Letters :  Notices  of  Books,  Minerals,  Geology,  and  FosbILb. 

— .     [Index  for  the  years  1860-59.]    Allgemeines  B.epertorium 
der  Min.,  ftc.     1861. 

^alseontographica.  (H.  von  Meyer.)  Vol.  vii.  Part  4.  Dec.  1860. 
H.  von  Meyer. — ^Die  Prosoponiden  oder  Familie  der  Maskenkrebse, 
183  (pL  23). 

.    Adeosaurus  Tommasimi  aus  dem  schwarzen  Ereide-Schiefer 

von  Comen  am  Karste,  223  (pi.  24). 

Cohiber  (Tropidonotus  P)  atavus  aus  der  Braunkohle  des  Sie-* 


bengebirges,  232  (pi.  26). 
— .    Saurier  aus  der  Tuff-Ereide  von  Maestricht  und  Folz-les* 

Caves,  241  (pi.  26). 
.    Lafnpro9CMrus  Ooepperd  aus  dem  Muschelkalke  von  Erappita 

in  Oberschlesien,  246  (pi.  27,  fig.  1). 
— .    PhaneroMurus  Naummmi  aos  dem  Sandatein  des  Rothliegen- 

den  in  Deutschland,  248  (pL  27,  %%.  2-^). 
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Falfeontographica.    (H.  von  Meyer.)    VoL  viii.  Part  6.   Jan,  1861. 
G.  Fresenius. — ^Ueber  JPfiehnUes  Ugnitumj  Pk,  strohUmOj  und  B^tnk 

SafzhausenensiSf  155  fplate). 
R.  Ludwig. — Fossile  PiLanzen  aus  dem  teitiaren  Spatheisenstem  tod 

Montabauer,  IGO  (8  plates). 
.    Susswasscr-Bewohner  aus  der  Westphalischen  Steiokohlen- 

Formation,  182  (2  plates). 
.    Siisswasser-Bivalven  aus  der  Wetterauer  Tertiap-Fonnatioii, 

196  (plate). 


in.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donors  in  Italics. 

Barrande,  J.  On  the  Primordial  Fauna  and  the  Taconic  System ; 
with  additional  Notes  by  Jules  Marcou.  1860.  From  M.  JvJa 
Marcou. 

Berchem,  J.  P.  Br.  Itin^raire  de  la  Vallee  de  Chamonix,  d'une  partie 
du  Bas  Yallais  et  des  montagnes  avoisinantes.  1790.  Frm  L 
Homer,  Esq.,  Pres.O,S. 

Botfield,  B,     Shropshire,  its  History  and  Antiquities.     1860. 

?Bourrit.  Voyage  pittoresque  aux  glaciers  de  Savoye,  fait  en  1772. 
1773.     From  L.  Homier,  Esq.,  Pres.G.S. 

Bronn,  H,  O.  Essai  d'line  R^ponse  k  la  question  de  prix  proposee 
en  1850  par  TAcad.  des  Sciences,  <kc.     1861. 

.    Catalogue  annuel  de  la  librairie  Frangaise,   Vol.  iii.  Annee 

1860.     1861.     From  Messrs.  Dulau  and  Co. 

Catalogue.  Verzeichniss  der  Bibliothck  des  Professors  Dr.  C.  Bitter 
in  &rlin,     1861.     From  the  Publishers. 

Clarke,  W.  B.  Researches  in  the  Southern  Gold-fields  of  New  South 
Wales.    1860. 

CoUini.  Journal  d'un  voyage  qui  contient  difP&^ntes  obserration^ 
min^ralogiques  particuli^ment  sur  les  Agates  et  Basalte.  1776« 
From  L.  Homer,  Esq.,  Pres.OJS. 

Deslongehamps,  E,  Note  sur  le  genre  Eucyclvs^  nouveUe  oonpe 
^tablie  pour  quelques  coquilles  des  terrains  Jurassiques.    1860. 

I.  Observations  conoemant  quelqnes  Gast^ropodes  Foanles des 

Terrains  Jurassiques,  plac^  par  Tauteur  de  la  Pal^ontologie  Fran* 
gaise  dans  les  genres  Purpurina,  Trochus,  et  Turbo.    1860. 

Svans,  J.    Flint  Implements  in  the  Drift.     I860. 

Favre,  A.  Note  sur  le  Terrain  Houiller  et  sur  Id  Teixain  Nnmmn- 
litiqne  de  la  Maurienne.     1861. 
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Ferret,  W.  The  Motions  of  Fluids  and  Solids  relative  to  the  Earth's 
Boi&oe,  comprising  applications  to  the  Winds  and  Currents  of  the 
Ocean.     1860. 

-Fbr6«,  J.  D.  Reply  to  Prof.  Tyndall's  Remarks,  in  his  work  "  On 
the  Glaciers  of  the  Alps/'  relating  to  Rendu's  <<  Theorio  dos  Gla- 
ciers."    1860. 

f*ougt,  H.  Dissertatio  Corallia  Baltica  adumbrans.  1745.  From 
L,  Homer,  Esq,,  Fres.GJS. 

FreJce,  H,  On  the  Origin  of  Species  by  means  of  organic  aflinity, 
1861. 

^»5,  Q,  D.    On  Canadian  Caverns.     1861. 

^/lort^,  A,  Natural  Selection  not  inconsistent  with  Natural  Theology, 
1861. 

aZl,  J,    Report  on  Canadian  OraptolUes.     1858. 

cc«4^,  F,y  V.  Nachtrage  zur  Kenntniss  der  Cephalopoden-Fauna  dcr 
lEallstatter  Schichten.    1860. 

^^ert,  E,  et  E.  E,  DesUmgchamps,  Memoire  sur  les  fossiles  de 
3liontreuil-Bellay  (Maine-et-Loire).     1860. 

^'^^merseUf  O.  v.    Das  Olonezer  Bergrevier.     1860. 

^^-U,  J.  A  General  Natural  History ;  a  new  and  accurate  Description 
of  the  Animals,  Vegetables,  and  Minerals  of  the  different  parts 
fDf  the  World.     1743.     B-om  Mr.  Charlton. 

— - — .  An  History  of  Animals,  containing  Descriptions  of  the  Birds, 
leasts.  Fishes,  and  Insects  of  the  several  Farts  of  the  World. 
1752.     From  Mr.  Charlton. 

^W2,  E.  On  the  Vestiges  of  Fxtinct  Glaciers  in  the  Highlands  of 
Great  Britain  and  Ireland.     1861. 

— ^ — .  The  Coal-fields  of  Great  Britain,  their  history,  structure,  and 
duration ;  with  notices  of  the  Coal-fields  of  other  Parts  of  the 
World.     1861. 

^hmiesonf  T.  F.  list  of  Altitudes  in  the  Counties  of  Aberdeen, 
Baii£F,  and  Kincardine. 

.     The  Tweeddale  Prize  Essay  on  the  Rainfall.    1860. 

^£0,  L     Observations  on  the  Genus  Unio.     Vol.  viii.  part  1.  1860. 

•tdndsaj^,  W.  L.  On  the  Eruption  in  May,  1860,  of  the  Kotiugja 
Volcano,  Iceland.    1861. 

J^fMockf  J.    Leydig*s  Natural  History  of  the  Daphnidce.     1861. 

.     On  some  Oceanic  Entomostraca  collected  by  Captain  Toynbce. 

1861. 
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Luhf)Ock,  J.     On  SphcBrulana  Bombi,     1861. 

M*Andrew,  B.  last  of  tho  British  Marine  Invertebrate  FauiuL 
1800. 

Magnetical  and  Meteorological  Observations  made  at  the  Oovemment 
Observatory,  Bombay,  in  the  year  1858.  1859.  Fr<nn  tJuIndiah 
Gove^'tinient. 

Naumann,  C.  T,  Lehrbuch  der  Geognosie.  Zweiter  Band.  Ente 
Abtheilung.     1860. 

Nkol,  J.  On  the  Structure  of  the  North-western  Highlands,  and 
the  lU^lations  of  the  Gneiss,  lied  Sandstone,  and  Quartzite  of 
Sutherland  and  Koss-shire.     1861. 

OldJutm,  T.  On  some  fossil  Fish-teeth  of  tho  genus  Ceratodu$j  fsm 
Maledi,  South  of  Nagpur.     1861. 
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^amos  Hector,  M.D.  Edinb.,  13  Oate  Street,  Liiicoln's  Inn  fields, 
^  elected  a  Fellow. 

Ihe  following  communications  were  read : — 

On  Eletations  and  Depressions  o/  fA«  Earth  in  North  America. 
By  Abraham  Gesner,  M JD.,  F.O.S. 
(Abridged.) 

United  States. — Commencing  at  New  Jersey,  in  the  United  Stato8> 
d  writer  has  examined  nearly  all  the  most  interesting  parts  of  the 
^sts,  as  for  northward  as  tiie  northern  part  of  Labrador.  The 
^olo  south-eastern  side  of  New  Jersey,  where  it  borders  upon  the 
•lantic,  to  the  extent  of  100  miles  in  length  and  about  20  miles  in 
^adth,  is  composed  of  alternate  strata  of  sand,  greensand,  marl, 
d  clay,  some  of  the  beds  very  highly  fossiliferous.  The  land  is 
mparatively  low,  and  slopes  gradually  from  the  high  lands  in  the 
itf  towards  the  sea.  A  similar  tract  of  country  occurs  in  the 
ordering  8tato  of  Maryland,  and,  still  further  souttiward,  in  North 
uolina. 
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I  Hector,  M.D.  Edinb.,  13  Oate  Street,  Liiicoln's  Inn  fields, 
iod  a  Fellow. 

lowing  communications  were  read : — 

RATIONS  and  Depressioits  of  the  Easth  in  Nobth  Akebiga. 

By  Abraham  Geshteb,  M.D.,  F.G.S. 

(Abridged.) 

iates. — Commencing  at  New  Jersey,  in  the  United  State8> 

\slB  examined  nearly  all  the  most  interesting  parts  of  the 

hr  ixorth'W'ard  as  the  northern  part  of  lAbrador.    The 

^eastern  side  of  I^ew  Jersey,  where  it  borders  upon  the 

tb©  extent  of  100  miles  in  length  and  about  20  miles  in 

,   jjiposed  of  alternate  strata  of  sand,  greensand,  marl, 

me   of  the  beds  very  highly  fossiliferous.    The  land  is 

low^  and  slopes  gradually  from  the  high  lands  in  the 

tlie   Boa.      A  similar  tract  of  country  occurs  in  the 

*  1^  ot  Marylaiidy  and,  still  fiirOier  southward,  in  North 


luuu^  tiiio  ixiosb  10  vaiiuuMjr  couxuai^ni  no  uviii^  xiviii  tJ  u. 

From  those,  and  othor  facts  which  might  be  quoted, 
that  there  are  marine  Cretaceous  deposits,  and  over  them 
deposits  with  freshwater  shells  and  Mastodon  bones,  and 
an  old  forest  buried  in  sand,  with  the  remains  of  anotl 
over  it — these  two  being  under  the  sea  in  some  places  oi 
proving  submergence  of  a  land-surface,— and  that  this  si 
is  still  going  on,  according  to  the  testimony  of  the  inhol 
the  submergence  of  habitations. 

In  the  harbour  of  Nantucket,  there  is  a  submarine 
drc<lging  the  estuary.  Lieutenant  Prescott  found  trunks  i 
the  cedar,  oak,  maple,  and  beech,  some  of  them  standing 
still  attached  to  the  soil  on  which  they  flourished.  £x 
cedar,  all  the  woods  are  still  sound.  The  trees  are  parti 
in  sand,  and  arc  eight  feet  below  the  level  of  the  lowest 

A  similar  submarine  forest  exists  at  Holme's  Hole,  o 
Vineyard.  On  the  west  side  of  the  harbour,  stumps  i 
found  standing  upon  a  level  surface  beneath  the  waU 
woody  tract  occurs  near  the  south-west  extremity  of  th( 
and  on  the  north  side  of  Cape  Cod,  opposite  Yarmouth 
extends  more  than  three  miles  into  Barnstable  Bay.  Ai 
similar  sinking  of  the  land  has  been  clearly  made  out. 
these  instances  is  there  any  accounting  for  the  facts,  bi 
subsidence.  No  indications  of  elevation  were  obscn 
quarter. 

New  Brunswick. — Proceeding  in  a  northerly  direetioi 
at  the  River  Schoodiac,  or  St.  Croix,  the  dividing-line  1 
United  States  and  the  British  Province  of  New  Brunswicl 
of  submergence,  an  elevation  of  the  land  is  here  clear  a 
It  extends  in  a  northerly  direction  upwards  of  twenty 
probably  to  a  still  greater  distance  along  the  coast  in  ti 
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ipond  to  be  Tertiary  deposits ;  but  late  observations  have  deter- 
led  their  more  recent  origin.    The  greatest  elevation  observed 
I  near  the  town  of  St.  Andrew's,  where  the  marl  with  recent  shells 
bond  28  feet  above  the  level  of  the  highest  tide. 
Imong  the  numerous  islands  of  Passamaquoddy  Bay  the  writer 
BTFed  many  of  the  indications  of  elevation ;  nor  is  it  difficult  to 
nrer  along  the  borders  of  the  creeks  and  rivers  the  sites  from 
Idi  the  sea  has  been  slowly  and  gradually  withdrawn.    Strata 
nari  and  day  with  shells  like  those  before  mentioned  appear 
leaver  Harbour,  where  the  elevation  has  been  less  considerable, 
fnnd  Manan  is  a  beautiful  island,  situated  off  the  mouth  of  the 
Mx  Elver,  and  12  miles  from  the  American  line.     It  is  25  miles 
;  and  5  miles  in  breadth.     The  north-west  side  is  a  somewhat 
r  ridge  of  trap-rock,  uninhabited  and  presenting  to  the  sea  per- 
ficolar  and  overhanging  cliSa,    The  opposite  side  of  the  island 
habited ;  and  the  industry  is  agriculture  and  fishing ;  and  a  number 
nail  islands  and  harbours  afford  shelter  for  vessels, 
he  most  remarkable  circumstance  connected  with  this  isolated 
of  New  Brunswick  is  the  fact,  that  the  entire  south  side  of  the 
I  and  its  islets  have  within  a  recent  period  been  submerged  to 
Jepth  of  18  feet  and  upwards.    There  still  remains  a  tradition 
there  once  existed  between  the  main,  the  three  Duck  Islands, 
Nantncket  Island  a  kind  of  marsh  of  several  thousands  of  acres, 
marsh  has  slowly  disappeared  beneath  the  sea ;  and  its  surface  is 
partially  uncovered  by  the  water  at  the  lowest  spring-tides, 
loots,  stumps,  and  trunks  of  a  great  number  of  trees  (the  pine, 
lock,  and  cedar)  still  remain  firmly  attached  to  the  sunken  earth, 
at  the  very  sit^  where  they  flourished.    The  once  living  forest 
its  branches  and  leaves  is  now  deeply  covered  by  each  suc- 
ing  tide.     The  anchors  of  small  craft  are  often  held  fast  among 
vood  of  the  bottom  of  the  harbour.    It  was  by  this  subsidence 
several  islands  became  isolated ;  for  the  marshes  that  formerly 
bed  them  one  to  the  other  have  been  denuded  and  washed  away 
16  waves.    The  subsidence  extended  to  the  distance  of  several 
I  westward;   but  it  is  best  measured  near  the  small  islands 
e  mentioned.    Viewed  altogether,  it  would  seem  that  Grand 
in  has  slowly  moved  upon  its  axis,  depressing  one  side  and 
ting  the  other. 

the  mouth  of  the  River  St.  John  and  at  the  city  of  the  same 
f,  in  the  Province  of  New  Brunswick,  the  evidences  of  elevation 
iatinct  over  an  area  of  twenty  square  miles.  Between  the  city 
Pbrtland,  there  is  a  narrow  and  deep  valley  now  occupied  by  a 
di,  manufactories,  and  dwelling-houses.  In  this  valley,  and 
)  strata  of  clay,  tbere  are  marl-beds  containing  marine  shells 
leoomposed  sea- weeds  identical  with  those  still  inhabiting  the 
«  of  the  harbour.  These  beds  are  about  18  feet  above  the 
of  the  sea,  which  at  some  former  period  surrounded  the  site  of 
ity. 

*  Ifanawagonis,  Mispec,  Emerson's  Creek,  and  many  other  places 
m  quarter,  there  are  beds  of  sand,  clay,  marl,  and  marly  day 
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prcst^rved.  Lhe  HhollB  ol  tbe  itfo/^w  emis  and  Jil^it/i 
to  bi?  rwuovcd.  The  claws  of  crabs  and  the  bones  of  1 
ehangt*tL  are  not  dc^trayed.  The  ehells  of  the  uppe 
more  decayed  than  those  of  the  lower  deposits,  \ 
though  the  eleyation  had  beeti  iilow  and  gradiial^  a 
Hke  those  frequently  indicated  m  districts  tno^ed  h 
The  strata  containing  theee  remaiiia  are  now  fbom 
aboTe  the  level  of  the  tides^  wliich  ri«e  30  faet  alang  1 
coast  at  spring- tides* 

The  rivers  eioptj-ing  into  the  Bay  of  Fimdy  aki 
c5oast  are  broken  hj  falls  at  theiT  monthi* ;  but  tb«ila 
not  pass  through  this  raised  district  emptjr  themseLvi 
emoothly  and  without  iutemiption.  It  k  therefore  m 
to  beliove  that  the  hreaking-up  of  the  river-beds  was 
elevation  of  the  ihelly  deposits  now  i^movod  far  aha 
the  -waves^ 

The  next  site  to  be  noticed  i^  remarkable  for  its  m 
is  called  the  Great  Tantamar  Mash^  situated  120 
of  the  St.  John,  in  the  Coimtj- of  Westmoreland,  and  at 
of  Chignoeto  Baj.  This  marsh  is  13  mileB  long,  and 
l)road.  Large  tmcts  have  be«;Q  rosetied  from,  the  e 
ments,  or  **  dikes,"  thrown  up  on  the  borders  of  tlw 
creeks*  At  the  eastern  extremity  of  the  Ton  tarn  ar,  tl 
tract,  eomposed  of  peat -bog*  floe  ting  bogs,  with  swu 
lakes,  not  leas  than  8  miles  long  and  3  miles  in  wi 
breeding-place  of  gi*eat  numbers  of  wild  dncks  and 
trees  of  difi'orent  kind-i,  eoUeetions  of  ihella,  bomoi 
appear  at  diHerent  depths  in  the  alln^^imi.  But  hi 
the  northern  border  of  the  alluvial  deposit,  patehee 
Bome  of  whieb  have  been  f&UodJg^^gg^mgj^jl 
flowed  by  < 
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deGhaleuSy  ibere  has  been  a  depression,  evidently  slow  in  its  progress 
tsd  ooatiniwd.  In  the  vicinity  of  Bay  des  Vents  and  Lower  Bay  des 
YflotB,  extensive  peat-bogs  are  seen  at  low  water  reaching  outwards 
bnetih  the  sea :  the  peat  is  of  super-marine  growth,  and  its  highest 
purtB  are  scaroelj  above  the  tide-level.  The  shores  are  low  and 
level;  and  evidences  of  land-slides  are  absent.  At  Bathurst,  on  the 
wntarj,  and  on  the  opposite  shore  of  Lower  Canada,  there  has  been 
an  elevation  of  several  feet,  and  which  apparently  is  still  progressing. 
A  number  of  minor  elevations  and  depressions  were  observed  during 
ti»  writer's  geological  survey  of  the  Province,  before  leaving  which 
the  terraces  along  the  Upper  St.  John  River  may  be  adverted  to,  as 
being  connected  with  this  subject. 

On  the  banks  of  this  river  we  frequently  observe,  in  ascending 
ftmn  its  borders,  several  parallel  steps  which  rise  abruptly  from  one 
kvelto  another  in  succession.  These  steps  are  composed  of  diluvial 
Bitter,  in  which  there  are  occasionally  contained  decayed  timber  and  • 
fisgments  of  freshwater  shells.  These  arc  well  displayed  near  the 
tsaj  four  miles  below  Woodstock. 

Section  of  iJu  Terraces  near  Woodstock,  New  Bi^nswick. 


\x 


I 


a.  The  river. 

h.  First  terrace,  22  feet  above  the  level  of  the  river. 

c.  Second  terrace,  28  feet  above  the  level  of  the  river. 

d.  Third  terrace,  40  feet  above  the  level  of  the  river. 

^  These  several  terraces  mark  distinctly  the  former  banks  of  the 
^^^,  which  has  been  withdrawn  from  its  ancient  limits  to  a  narrow 
*^wwiel  with  an  increased  velocity  of  current.  Near  the  mouth  of 
Maduxnakeag,  a  tributary  of  the  St.  John,  the  ancient  bed  of  the 
■*w«m  is  now  dry  and  under  cultivation.  Whether  these  terraces 
wB  been  produced  by  an  uplifting  or  depressing  force,  it  is  difficult 
to  ascertain.  It  is  probable,  however,  that  the  site  of  the  river  was 
J*®alake,  which  has  been  drained^by  the  yielding  of  the  earth  further 
^"^  the  stream,  where  there  are  now  violent  rapids  and  marks  of 
'^^^t  terrestrial  disturbance.  Terraced  valley's  are  common  on 
*^y  of  the  rivers  of  North  America. 

^^a  Scotta. — At  many  places  in  Nova  Scotia,  changes  of  level  on 
^Surface  of  the  earth  appear  very  distinct,  although  they  are  less 
f^J^€8t  than  they  are  in  the  sister  P^o^•ince.  It  is  generally  main- 
?^®^  by  aged  persons,  that  the  tides  flowing  into  the  Bay  of  Fundy 
Sr  ^linas  Basin  and  its  numerous  rivers  and  creeks  are  rising. 
JJ^i^ecords  of  ancient  landmarks,  the  encroachment  of  the  water 
^^  the  dry  earth,  the  discovery  of  ancient  bridges  and  rt'lics  of  the 
•^'^^  Indians  beneath  the  present  tide-level,  corroborate  that 
y^^icn.  At  numerous  places  in  the  marshes  of  the  Shubenacadia, 
^'^^^y  and  ^ng's  County  Rivers,  the  alluvia  of  the  sea  are  perfectly 


etratiiiod.  8ome  of  those  fltrata  and  tbo»e  caUod  *^  Um  mst^  "  m  ^ 
compo^d  m  part  of  plants  frtill  tmderguli)^  di^oosi^oaiticm  aod  ci- 
peUmg  cttrbiiretted  hydrogen,  Thme  dtrat^  are  liminitinieg  liifitt 
beneath  tho  surface,  and  interlaid  with  beda  of  a!IuniLm»  wiKUli»wli«i 
their  luyerg  are  exported,  diij^luy  ^itli  baaiitiful  distinetueei  thttticb 
of  the  ntinitiruua  wading  birds  that  frequent  the  shoir».  Itiiilfflotft 
nnne<M?^ar7  to  ndd  that  aciL-allavia  Qe¥6r  occumcdaie  wbtm  th» 
highest  tide- mark. 

On  the  southeni  side  of  this  Frovinee,  where  it  m^ets  thft  J 
tho  old  fishomien  nnivefBaUy  r©i>ort  the  eftcwjU  of  uplift  innate 
places  where  they  have  been  wont  to  amhor  their  nefe  and  liottbiii 
pursuing  their  avocation.  Off  the  harbour  of  HithXaat,  and  &ttnbr\* 
Lighthooae^  a  mibmarme  elevation  appears  to  be  advancing,  A  ts^ 
years  ago  a  steamer  was  wrecked  in  bakers  atx  niile§  lootk  of 
the  lighthoosej  after  a  gale  of  wind ;  breakers  at  that  pkoc  wwts 
unknown  before,  Eceent  soundings  also  show  a  «hallewing  of  tbA 
water. 

Cape  Breton, — In  the  Island  of  Cape  Breton,  aitoated  ti  tii» 
entrance  of  the  Gulf  of  Bt.  Lawrence  (and  which  the  wrilCT  had  *» 
opportunity  to  explore  under  the  patronage  of  the  lata  SixMs  Eail  tji 
Bundonald),  several  npheavings  and  depi^sstona  <rf  ^ut  hoi  woto 
observed,  not  dissuniUr  to  those  already  mentioned.     Amonf  tto 
latter  is  that  of  the  ancient  city  of  Lomsbnrg,  which  forms  aa  ialer* 
csting  foaturo  in  Colonial  history,     Tliis  place  was  onee  the  stjoag'^ 
hold  of  France  in  America,  and  has  one  of  the  finest  harboun  ia  th^ 
world.     It  was  weU  fortified;   and  a  population  of  20»tXH)  twil» 
was  contained  within  its  w^alls.     It  was  taken  from  the  Freiwii  by 
4000  provincial  troops,  under  Colonel  PeppfiaU,  in  1745,    After- 
wards Great  Britain  restored  it  to  France,     In  1 758  it  was  t&i^ 
captured  by  General  Amherst,     The  place  was  defended  by  3OT0 
men,  six  ships  of  the  liuej,  and  five  iiigales :   in  this  actiini  li>* 
brave  General  Wolfe  won  an  early  distinction.    The  inhabitmia  «•• 
the  city  were  dispersed;   and   the  British  Government 
j£40,000  in  blowing  up  the  fortificationB.     The  city  ia  now 
by  six  faraUies  of  poor  fishermeu;  two  stories  of  the  hospital  i 
do  the  foundations  of  the  Governor's  house  and  other  public  baildia^lp  i 
with  much  of  tho  massive  masonry  of  the  bomb-proofe  and  hMtMO*-' 
AmoDg  the  ruins  are  seen  fragments  of  exploded  sJieHs  and  oth*?^ 
mis&Oes,  mingling  with  the  crumbling  bones  of  the  killed,    Bip^ 
Louisborg  continued  to  exist  up  to  the  present  time,  its  sbandonaucP^ 
would  not  have  been  the  less  certain  ;  for  tho  sea  now  tlowa  withi** 
its  walls  and  overflows  sites  that  were  formerly  inhabited.     Its  sat^^ 
mersion  is  plain  and  distinct^    The  rock  upctti  which  Gen^ml  TToU^ 
landed  has  nearly  disapiieared*     The  wavee  bredc  agajjtst  Uw  i 
wall,  which  they  have  undenmned  and  thrown  down,     Th©  \ 
parts  of  tho  fortress  afford  shelter  for  sheep ;  but  eaeh 
tide  flows  freely  into  tlie  northern  side  of  the  demxiidd  dty,    TLp^ 
lands  westward  also  bear  testimony  to  an  extensive  atbt^en^er.   _ 

Pritm  EciwarcTi  /j/d/w/.— Tho  fertile  Prince  Edwards  14*nd    »^ 
dtuated  m  tho  Gulf  of  Bt.  Lawrence,  fifty  nulos  ^wtwaid  wf  tlMg 
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rrince  of  Nova  Scotia.  It  is  composed  of  red  sandstone ;  no 
liable  strata  of  coal  have  been  found  within  its  limits.  Of  several 
rings  of  the  earth  noted  by  the  writer  during  his  geological  survey 
lie  island,  one  of  them  merits  attention  for  being  more  recent 
i  any  other  that  met  his  observation.  It  is  situated  between 
□Lox  Island  and  Cascumpec,  a  deep  and  well-sheltered  harbour. 
aea  has  here  thrown  up  mounds  of  sand  from  the  shallow  water, 
tH  are  separated  from  the  mainland  by  lagoons.  The  lagoon 
''een  Bichmond  Bay  and  Cascumpec  is  upwards  of  thirty  miles 
ngth.  Cascumpec  lagoon  is  a  beautiful  sheet  of  water,  eighteen 
s  long  and  a  ^long  in  breadth,  abounding  in   shellfish  and 

fowl ;  its  mainland  side  is  a  dense  wilderness,  and  this  part  of 
scast  was  explored  in  canoes  paddled  by  Indians. 
b.e  harbour  of  Cascumpec  is  formed  by  an  extensive  peat-bog  on 
aide,  and  a  long  mound  of  sea-sand  on  the  other ;  it  has  sufficient 
»r  to  float  the  largest  ships.  The  peat  forms  a  perpendicular 
,  which  was  measured  at  low  water,  and  found  to  be  19  feet 
^th  the  sea.  It  is  also  perpendicular  above  the  water  and 
IB  the  shore  to  the  distance  of  two  miles  and  a  half.  This  peat- 
is  composed  of  the  common  sphagneous  plants  interlaid  with  the 
»,  hendock,  and  other  forest-trees  and  low  bushes,  some  of  which 
Btill  in  upright  positions.  There  are  no  higher  lands  in  the  rear 
a.  which  this  bog  could  have  made  a  slide,  nor  any  remaining 

from  which  it  could  have  departed. 

Q  the  lagoon,  the  sea  flowed,  at  the  time  of  the  writer's  visit,  into 
rt»  of  maple,  beech,  birch,  &c.,  which  are  constantly  falling 
n  from  the  sea-water  overflowing  their  roots.  The  marshes, 
»e  they  meet  the  water,  are  filled  with  fallen  timber;  and  all  taken 
3ther  presents  a  desolate  picture  of  the  changes  that  are  still  in 
gress.    This  part  of  the  island  is  very  low  and  level ;  and,  from 

gradiial  submergence  of  the  land,  the  drainage  of  the  coimtry  is 
tJucted,  and  lands  now  capable  of  being  cleared  and  cultivated, 
I  in  the  course  of  years  be  overflowed  by  the  sea,  unless  the  sub- 
nion  should  be  arrested. 

Ki  numerous  places  on  the  shores  of  the  Gulf  of  St.  Lawrence  and 
the  coast  of  Labrador,  deposits  of  sand  and  clay  containing  recent 
Jlsand  relics  of  marine  plants  are  found  at  heights  varying  from  5 
Mfeet  above  the  level  of  the  sea.  These  elevated  tracts  arc  seen, 
considerable  distances  from  the  present  shores,  with  notches  worn 

of  the  rocks  by  waves  and  currents  of  water ;  there  are  also 
atones  perforated  by  the  Mytilus  liihophagus,  from  which  the  sea 

long  since  been  withdrawn.  At  some  localities  there  are  also 
feiiecs  of  depression,  similar  to  those  already  described. 
<iihradory  ifc, — ^The  Atlantic  coast  of  Labrador  and  the  Island  of 
^midland  present  the  same  phenomena,  although  they  are  less 
iactly  delineated  by  reason  of  tiie  ice ;  for  ice-floes  break  down  the 
^y  and  icebergs  deposit  mounds  of  sand,  gravel,  and  boulders 
K  the  sea-bord,  the  winter  and  summer  aspects  of  which  are 
gather  dissimilar, 
bn^titfjofi. — ^From  what  has  been  stated,  it  must  not  be  undcr-^ 
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stood  that  di^o  aalent  muluhtor^  moTiemeiits  of  the  land  a^  en*  | 
&ied  to  the  coasts  and  e^taaries ;  they  are  mmufeat  oil  the  bofikn  j 
of  the  rivers  and  the  gre^t  lakes  of  C^iiada,  aEd  ako  on  tlie  trfimtdttl 
©f  the  Mksisaippi,     Slight  sliockia  of  earthquakes  arc*  eammuo  f| 
Canada  and  the  United  States  ^  hut  it  does  not  appear ^  in  Ui^  \mWf  i 
of  thoeo  countries,  that  uny  material  change  in  the  rektive  l«ffdiirj 
certain  tracts  has  becsn   effected  therehy.     Admittiii^,  howem*! 
that  earth  quakes  have  been  the  cause  of  sudden  sinkia^  ituddevHtiuiiiJ 
of  tht*  land  J  and  which  would  produce  anomalous  resulU,  thtiw  if  j 
alow  and  constant  uudulatory  movement  of  the  coiili**!  aarfw 
i?hich  no  doubt  aets  as  much  on  the  ocean^s  bed  as  upon  tba  dij] 
laiid. 


2»  On.  tTte  Geot^oot  of  ihi  Coctttet  ^tmeen  Lak^  Sitkbiob  ami  tk 
Pacific  Ocbajj  (between  the  4Bth  mvl  54th  pumlkh  of  h^tii^}^ 
visited  hj  the  GoruBNuENT  Expr»BiNe  Expiu^moy  mmir  (fc#  *«w 
muiml  o/Caftaiji  J,  Pallibeh  (1857-60).    By  Jamss  HiC50fi,MJ* 


(Conmiamoatad  bf  Sir  H.  L  Munhieon,  V,P.0.8.) 
[Fi^ti  XIIL] 
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Introduction, — In  the  spring  of  1867  Her  Majesty's  Go?iniiD«fc 
at  the  suggestion  of  tho  Royal  Oeogmphical  Society,  oaoB^tlltoiv 
expedition  to  explore  the  British  Territories  in  NortJi  AauEliA  ^ 
in  the  neighbourhood  of  the  boundary- line  of  tho  United  SUtMi  tfi 
stretching  weetward  from  Lake  Buperior.  PuhHe  attemtiifli  vn  ^ 
that  time  directed  to  the  nature  and  rcsourcos  of  the  vast  territixi 
which  liod  been  ceded  to  tbe  keeping  of  the  Hudeoa'i  Bay  Fur  OoO* 
pany,  as  there  was  a  prospect  of  ita  being  to  aomt  axbent  tfamffi 
open  to  coloniantion  by  the  lapse  of  part  of  that  t\3mpatit'«  right** 

Principally  through  the  efforta  of  Sir  Buderiek  llurdu^uflfilGb*^ 
time  President  of  the  RoyaJ  QeographiciJ  8odety),  General  Wis' 
(acting  for  the  Eojal  Society),  8ir  W,  Hooker  and  Br.  Hoakrr,W 
of  Mr,  Ball  (then  Under^ Secretary  of  State  for  tli©  C^ohmita^  thf  &- 
pedition  was  organized  and  committed  to  the  42hiti|^ 
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ler,  whose  preTious  advontarous  travels  in  that  region  had  given 

ance  of  the  ability  and  energy  necessary  to  penetrate  unexplored 

try,  and  to  preserve  a  friendly  footing  with  the  savage  tribes 

were  to  be  encountered. 

was  selected  by  Sir  Eoderick  Mnrchison  to  accompany  this  Ezpe« 

a  in  the  combined  capacity  of  surgeon  and  geologist;  and,  at 

"equcst  of  Government,  he  furnished  mo  with  instructions  as  to 

I  should  turn  to  best  advantage  my  opportunities  for  geological 

urch. 

le  more  important  results  of  my  work  I  have  now  the  honour 

JDununicate  through  him  to  this  Society. 

liey  have  been  accumulated  during  three  years'  travel  in  wild 

)ii8  uninhabited  save  by  Indians,  or,  at  rare  intervals,  by  little 

munities  of  persons  engjiged  in  the  fiir-trade.     Excepting  in  the 

8  of  Mr.  Arrowsmith,  which  gave  very  correctly,  on  the  whole, 
great  general  features  of  the  region  explored,  embracing  33° 
agitude,  and  in  some  places  5°  of  latitude,  nothing  was  known  of 
)pography ;  so  that  tliis  essential  to  sound  geological  reasoning 
to  be  acquired  step  by  step  as  the  country  was  examined.  I 
ifore  submit  my  observations  only  as  the  best  I  could  make 
r  the  circumstances,  knowing  that  a  re-examination  of  the 
try  with  the  aid  of  the  topographical  details  which  we  now 
^88  would  materially  alter  many  of  the  views  I  have  expressed, 
ir  previous  knowledge  concerning  the  geology  of  the  interior  of 
ah  North  America  was  confined  to  the  observations  of  Sir  John 
ardson,made  during  his  three  great  overland  arctic  expeditions — 
brst  two  with  Sir  John  Franklin,  and  the  last  in  search  of  that 
nted  traveller.  His  published  descriptions  of  the  country  he 
id  through  are  models  of  minute  observation  and  cautious  in- 
ice.    To  him  we  owe  the  first  discovery  of  Silurian  strata  resting 

primitive  axis  stretching  to  the  north-west  from  Lake  Superior 
he  Arctic  Ocean,  and  overlain  by  Devonian  strata.  He  also 
rod  the  Rocky  Mountains,  where  he  met  them  on  the  Mac- 
de  River,  to  be  composed  of  Carboniferous  Limestone  for  the 
t  part,  which  is  also  their  character,  we  shall  find,  further  to  the 
h.  From  Elk  River  he  brought  home  fossils  which,  although 
I  a  group  of  strata  which  he  classes  as  Devonian,  yet  in  a  foot- 
I,  on  the  authority  of  Sowerby,he  says  have  quite  a  Jurassic  aspect, 
t  he  was  right  in  the  latter  suggestion  is  rendered  probable  by 
recent  publication  of  species  of  Ammonites  by  Mr.  Hind,  which 

9  procured  from  that  locality  by  the  fur-traders,  and  which 
srs.  Meek  and  Haydcn  consider  to  be  of  Jurassic  age.  Sir  John 
lardson  also  described  the  existence  of  a  great  lignite-basin  in 
mlley  of  the  Mackenzie  River,  which  he  classes  as  of  Tertiary  age. 
he  Ime  of  route,  however,  followed  by  Richardson  did  not,  with 
ixoeption  of  the  canoe-route  from  Lake  Superior  to  Lake  Winnipeg, 
again  at  Fort  Carlton  on  the  Saskatchewan,  touch  on  the  country 
ch  has  been  explored  by  this  Expedition.  With  regard  to  the 
)e-route,  I  have  added  nothing  to  the  researches  of  that  traveller, 
to  the  still  more  minute  observations  of  Dr.  Bigsbyi  which  were 
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some  years  ago  communicated  to  this  Society.  In  1855  Mr.  A.K. 
Isbistcr  communicated  to  this  Society  a  useful  and  concise  recapi- 
tulation of  what  had  been  written  concerning  the  geology  of  the 
Hudson^s  Bay  Territories,  without  adding  anything,  however,  to  our 
knowledge  of  the  central  district  with  which  1  have  prindpallj  to 
deal.  It  is  to  Mr.  Hind  alone,  who  was  in  command  of  the  Cana- 
dian Expedition  to  explore  part  of  Rupert's  Land,  that  I  can  refer 
in  confirmation  of  my  observations  in  any  part  of  the  prairie-regions. 
Mr.  Hind  in  1858  partially  travelled  over  nearly  the  same  ground  as 
that  traversed  by  our  Expedition  during  the  previous  summer,  but 
only  as  far  as  the  elbow  of  the  South  Saskatchewan,  and  in  r^ard  to 
all  essentials  our  work  agrees  exactly*. 

Mr.  Hind's  report  is  valuable  from  his  having  had  his  fossili 
examined  by  Messrs.  Meek  and  Hayden,  whose  labours  in  the  Upper 
Missouri  country  and  Western  States  since  1852  have  given  us  most 
of  the  knowledge  which  we  possess  concerning  the  classification  of  tho 
strata  composing  the  northern  part  of  the  great  American  prairies; 
and  to  those  gentlemen  I  shall  have  frequent  occasion  to  refer. 

Concerning  the  mass  of  the  country  explored,  consisting  of  tho 
prairies  withm  the  British  possessions  and  the  Rocky  Mountains  be* 
tween  latitude  49°  and  53°,  and  of  the  country  westward  to  Fort 
Colvile,  I  am  not  aware  of  anything  having  been  published,  except- 
ing a  few  general  remarks  collected  by  Richardson  from  the  botanist* 
Douglas  and  Drummond  or  from  the  fur-traders. 

Concerning  tho  geology  of  the  Pacific  Coast,  in  the  neighbourhood 
of  the  49th  parallel,  there  are  very  interesting  notes  scattered  througls- 
the  various  U.S.  Senate-papers,  by  Mr.  Gibb  and  Dr.  Suckley,  wht^ 
were  employed  in  the  survey  for  the  Pacific  Railroad.    Tho  forme** 
gentleman  is  still  working  in  that  country,  being  attached  to  th^ 
North -west  Boundary-Commission.     There  is  also  a  short  notice  o^C" 
the  geology  of  Vancouver  Islsuid,  by  Mr.  Bauerman,  geologist  to  th^ 
British  section  of  tlie  same  commission,  published  in  the  GeoL  So&<* 
Journal  for  1860. 

GENERAL  PHTSICAL  FEATURES. 

The  prairie-country  which  I  have  principally  to  describe  may  b-*? 
considered  as  forming  the  northern  portion  of  a  triangular  space  con- 
taining the  plateau  which  occupies  the  central  region  of  the  Nortli 
American  continent,  having  for  its  sides,  first,  the  Rocky  Mountains  ? 
second,  the  Lauren tian  axis  or  "  intermediate  primitive  belt"  (^ 
Richardson ;  and  third,  the  Alleghany  Mountains. 

A  low  indistinct  water-shed  850  feet  above  the  sea  at  its  loweBt 
point,  and  apparently  undetermined  by  any  disturbance  of  the  rocky 
framework  of  this  basin  posterior  to  the  deposit  of  its  more  uncon- 
solidated contents,  follows  a  line  sometimes  north  and  somotiittea 
south  of  the  49th  parallel  of  latitude  (which  is  the  Political  Boan- 
dary-line),  dividing  the  waters  which  flow  to  the  Gulf  of  Mexico  tm 
those  flowing  to  the  Arctic  Ocean. 

•  Mj  first  Report  on  tho  Goolofl;y  of  this  district  WM  dated  December  14, 1857. 
See  Porliamentflury  Papers,  June  1859. 
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TbB  rtrate  of  the  Expedition  starting  from  Lake  Superior,  after 
^oanng  a  spur  of  the  eastern  axis,  traversed  the  northern  part  of 
16  plateau  to  the  Eocky  Mountains,  and  thence  down  the  western 
ope  of  the  continent  to  the  Pacific  Ocean. 

The  Mackenzie  River,  rivaling  in  its  proportions  the  Upper  Mis- 
itippi,  hroaks  the  apex  of  this  triangle,  escaping  through  the  Rocky 
nintains  to  the  Arctic  Sea ;  while  the  Saskatchewan  and  other 
BTB  of  the  southern  British  territory  dilate  into  great  lakes  at  the 
stem  base  of  the  Laurentian  axis,  through  which  they  then  escape 
Hudson  Bay. 

Che  Laurentian  axis  of  metamorphic  rocks  with  its  fringe  of 
irian  strata  may  be  considered  as  stretching  from  Western  Canada 
•he  Arctic  Ocean,  near  the  mouth  of  the  Coppermine  River,  in  aN.W. 
dction ;  but  it  sends  off  a  spur,  which  encircles  the  western  shore 
Lake  Superior,  and  loses  itself  under  the  prairies  of  the  State  of 
aesota. 

Lake  Superior  and  Lake  Winnipeg,  according  to  the  surveys 
the  Canadian  Expedition,  have  nearly  the  same  altitude  of 
>  feet  above  the  sea,  while  the  rocky  district  that  separates  them 
t  double  that  elevation,  or  1300  feet,  above  the  sea ;  but  this  is  in 
ny  places  increased  to  1600  feet  by  the  deposits  of  drift  that  will 
lieieafter  described. 

r*he  highest  point  of  the  great  plateau  that  is  in  British  territory 
bo  be  found  when,  at  the  base  of  the  Rocky  Mountains,  that  chain 
intersected  by  the  49th  parallel  of  latitude,  where  it  is  elevated 
OO  feet  above  the  sea.  If  followed  into  the  United  States  to  the 
xth,  it  is  found  to  reach  a  still  greater  elevation  along  the  base  of 
d  mountains,  until  it  merges  with  the  great  table-land  of  Mexico, 
^ch  has  an  altitude  of  6000  feet.  From  the  above  point  of  inter- 
5tion  to  the  nearest  point  of  the  Laurentian  axis,  which  is  a  line 
^xn  near  the  source  of  Belly  River  in  a  N.E.  direction  to  Cumber- 
ed House  on  the  Saskatchewan,  the  distance  in  an  air-line  is  over 
•^  miles,  and  the  difference  of  elevation  of  these  two  points  gives  a 
-^  slope  of  6  feet  in  the  mile.  The  general  level  of  the  eastern 
^  of  the  Rocky  Mountains  also  declines  rapidly  to  the  north  ;  for 
latitude  61°  9',  at  where  the  Bow  River  emerges  on  the  plains,  the 
^tion  is  3900  feet,  and  at  where  the  Athabasca,  the  most  southern 
Umtary  of  the  Mackenzie,  leaves  the  chain  in  latitude  53°  12',  it  is 
dy  3300  feet  above  the  sea*. 

The  slope  of  this  plateau  is,  however,  far  from  being  uniform,  but 
broken  by  steppes  which  have  been  formed  by  tlie  erosion  of 
e  surface  of  the  country,  and  which  indicate  different  grades  in 
0  elevation  of  the  continent  during  later  epochs.  These  steppes 
3  boldly  marked,  sometimes  increasing  the  altitude  of  the  prairies, 

^  Ab  the  Bocky  Mountains  are  out  through  b^  Tallcys  almost  to  the  depth 
the  plateau  on  which  they  stand,  this  depression  of  the  chain  towards  the 
th  has  a  remarkable  influence  on  the  climate  in  some  localities,  especially 
igating  the  teverity  of  the  spnng  months  by  admitting  the  influence  of  the 
d  dixniate  of  the  western  sea-bord  at  a  time  when  the  eastern  part  of  the 
txntmt  in  the  iieighbouriiood  of  the  great  lakes  is  still  icebound. 
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as  lli«'  tnivoUor  f.»ll(^ws  a  westerly  course,  by  an  abmpt  rise  amoimtinij 
to  r)()o  foot.  Tlioy  hiivo  a  very  irregular  outline,  and  are  cut  thrMU«ih 
l)y  tlio  i-ivor  in  iiiaiiy  ciLses,  so  as  to  form  isolated  ma£>ses  of  bpjken 
tablo-lMinl.     (Sri'  ^^noral  section:  Sections  Xos.  1  &  2,  PL  XIII.) 

Till'  luM  ky  M.mntiiins  fonning  the  western  limits  of  the  |?reat 
plateau  lisc  iVoin  \\  vory  alniiptly,  the  eastern  ranges  often  prist nt- 
in«r  slu-rr  cliils  i'imm)  lo  :^(KM.)  f^et  in  height.  Those  are.  howtvcr, 
cut  liy  tiMiisv(iNo  valleys  into  which  the  supei-ficial  dojMiMts  "f  tht- 
prairi«  s  iHinimto,  and  have  been  preserved,  more  or  less  iMTlodlv. 
as  tcriai'ON  in  ih.-  mountain-valleys. 

Thr  ni..uiit:iin-<  fMiniod  of  broken  plications  of  strata,  as  wilH-e 
a  it  nw  Mid-,  do.  nl)i(l.  arc  disposed  in  parallel  groujis.  the  great  valleys 
in  the  leimih  t»f  the  chain  generally  occupying  anticlinal  fiacluri-?. 
Th(^  ti(  xur.  s  have  boeii  more  perfectly  develojHMl  in  tho  eastern  i«;irt 
of  tlu"  (  hain  than  towards  the  central  parts, where  the  mountaiu> haw 
a  inii.sMve  (uhieal  as]»oot,  the  strata  having  boon  fractured  au«l  u?- 
hea\«(l  r;ithir  than  heut  by  disturbing  agencies.     This  is  owin;. 
n«)  douht ,  to  1  hr  mineral  composition  of  the  btrata.and  not  to  anyiuoili- 
iicatinu  nf  the  disturhiiig  force ;  for,  as  the  western  slope  is  docciuii-i- 
shily  lucks  an>  mot\N-itli.  which  again  present  perfect  flexure^.    The 
mean  altitude  «)f  tlu^  Kocky  Mountains  between  latitude  41»^  avA 
r);i    is  ah.iut  I2.<»<n)  fiH'l  above  the  sea,  but  there  is  a  very  siuprui-iT 
ahs,  11.  r  of  marked  poaks.     The  chain  cidminates  in  latitude  5:^. 
^\  hi  r.'  the  mi»untains  are  veiy  massive  and  are  travei-sed  by  praluUKil 
valli  ys,  the  h(  a«ls  of  which  are  occupied  by  glaciers. 

I'rom  the  Ko(  ky  ^lountaius  to  the  Pacific  Ocean  theooumrvL* 
oxtrem.ly  ni^i^'ed,  rosomlding  similar  Silurian  and  metaraorjAic 
re.ui  .11^  in  (»ther  jKuts  of  the  world.  It  forms  a  great  tr»>u^ii» 
hound.. I  to  tlif  west  by  the  Cascade  range  of  mountains,  vhi^a 
closely  hui:s  the  Vaoific  coast  in  this  latitude.  Tliis  range.  whi<b 
is  oidy  rar.'ly  hr.»ken  by  vaUeys,  and  those  of  comparatively  Ktrnt 
date,  Vnn>  lik.' a  widl  4(H>0  to  5000  feet  above  the  sea-level.  At 
intei\als  there  (M-eur  groat  conical  mountains,  such  as  Mount  ^ccL 
Motint  llaker,  tmd  othei-s,  which  rise  to  10,000  or  12.000  feet. and 
from  their  isolation,  being  perfectly  uneonneeted,  except  by  tk 
lower  ran^^e,  they  present  a  very  grand  appearance  when  viev^ 
fr.»m  th.'  «.>a>t.  Owing  to  the  great  fiUl  of  tho  rivers,  thenarw^ 
valh\s,  and  the  rajiid  erosion  having  continuaUy  carried  on  thow- 
airaiim  iiient  of  tho  suj^eilioial  deposits,  the  grades  in  the  elevaliun 
of  the  e..ntiiient  cannot  he  so  well  discerned  on  the  western  shijieason 
the  eastern,  a  It  h«. ugh  tlnsc*  deposits  are  found  to  be  greatly  devel(»pt<l- 

Ati<  r  tlii<  hiief  sketoh  of  the  physical  features  of  the  country, I 
now  pr...i(Ml  to  do.seribo  the  different  sti'ata,  reversing  the  order  o^ 
their  deposition. 

srrERFICIAL  DEPOSITS. 

Tlie«;c  arc  very  extensively  developed  in  every  part  of  the  np^ 
exjd.ue.l;  and  their  classification  involves  veiy  interesting  conclusion* 
respoetinir  the  ihangos  of  level  of  the  continent,  both  posterior  aid 

anti'ii.ir  1.)  the  irroat  northern  drift. 
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idging  from  the  altitudes  at  which  erratics  are  found  to  be  di- 
Bed,  Qie  continent  must  have  been  depressed  at  that  period 
Mith  a  sea  in  direct  connexion  with  the  Arctic  Ocean  to  the 
lb  of  nearly  3000  feet ;  and  since  then,  during  its  gradual  emer- 
ce,  this  r^on  of  North  America  has  received  its  present  form  of 
ace  by  denudation, — ^first,  as  effected  on  seacoast- lines,  and  lat- 
y  by  the  coast-lines  of  great  inland  lakes,  which,  it  will  be  shown, 
tngh  still  existing,  were  previously  of  much  greater  dimensions. 
Che  superficial  deposits  during  and  posterior  to  the  Drift  are  so 
ferent  on  the  opposite  sides  of  the  Eocky  Mountains  that  they 
ist  be  treated  of  separately,  whilst  those  anterior  to  that  epoch 
II  be  found  to  have  a  common  character. 

Terraces  ofihe  Lake  Superior  Basin, — In  ascending  the  Kaminis- 
fuoia  River  for  a  considerable  distance  above  the  Kakabeka  Falls, 
country  is  covered  by  a  deposit  of  red  marl-earth  which  forms 
»  high  terraces  of  the  river.  Thus  opposite  to  the  mouth  of  White 
h  Kver  there  are  three  distinct  terrace-levels  of  20,  60,  and  90 
b.  At  some  distance  back  from  the  river  still  higher  terraces 
or,  belonging  to  this  class  of  deposits,  which  must  be  considered 
>f  more  recent  age  than  the  true  drift.  Sir  William  Logan  de- 
ibes  one  at  the  height  of  331  feet  above  Lake  Superior.  The 
»t  deposits  of  sand  and  gravel  which  rest  on  the  highest  levels  of 
I  axis,  and  are  first  met  with  at  Dog  Portage,  belong,  I  think,  to 
fc  period  of  the  Drift,  and  wiU  be  referred  to  in  the  next  group. 
^vperficial  Deposits  of  the  Central  Plateau, — The  steppes  of  this 
sat  slope  may  be  naturally  divided  into  three  groups  having  dif- 
ent  ages  and  circumstances  of  deposition,  and  boldly  marking  three 
tinct  Prairie-levels.  (See  Sect.  No.  2,  PI.  XIII.)  To  the  most  re- 
it  of  these  belong  the  low  prairies  which  surround  Lake  Winnipeg 
i  the  lakes  of  that  group,  including  the  marshy  country  to  the  west 
Kanitoba  Lake.  Tl^  formB  Hie  First  Prairie-level,  In  the  vicinity 
the  Red  River  Settiement,  its  composition  is  of  argillaceous  marl, 
ill  a  deficiency  of  sandy  matter,  and  it  is  invariably  stratified 
bhin  layers.  Underlying  this  at  various  depths  from  the  surface, 
i  bed  of  stiif  clay,  which  forms  the  immediate  margin  of  the  river 
many  places.  The  upper  layers  of  this  deposit  contain  leaves  and 
g^cnts  of  wood  and  reeds,  and  the  whole  is  undoubtedly  a  frcsh.- 
ter  deposit,  indicating  a  time  when  the  Winnipeg  group  of  lakes 
ered  a  much  more  extended  area  than  at  present,  the  gradual 
opening  of  the  rocky  channels  through  the  eastern  axis  having 
Teased  the  drainage  in  modem  times. 

rhe  surface  of  this  deposit  is  about  75  to  100  feet  above  Lake 
iimipeg,  but  it  slopes  gradually  from  the  west,  and  at  Pembina 
mnt,  near  St.  Joseph,  is  at  least  100  feet  higher.  To  the  east  of 
d  River,  in  descending  the  Winnipeg  River,  two  well-marked 
els  were  observed  which  belong  to  the  group  of  extended  lake- 
308its.  Thus  below  the  Seven  Portages  that  river  flows  through  a 
ooth  channel,  and  the  banks  are  composed  of  a  white  marl-earth ; 
»  river  being  at  first  only  slightly  depressed,  but  soon  from  its 
dd  descent,  while  the  level  of  the  deposit  remains  the  same,  the 
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banks  become  bip:K,  At  the  llat  Portnge,  this  tcrraci?,  which  b  l^) 
feet  above  Lake  Wiimipcg,  retiros  from  the  river  on  each  aide,  ml 
is  replaced  by  another  at  an  altitude  of  only  75  feet»  thitiii^h  »  cot* 
ting  in  which  the  liver  flows  to  its  mouth  at  Fort  ilesander.  Hui 
ancient  Lake-bottom  extends  aouth  of  the  49tli  {lAidliil  mil  dl 
American  State  of  Minnesota,  and  everywhere  present*  a  tkh  1^ 
prairie,  only  broken  by  slight  gmvel-rid^rc«  whidk  hifi&  ^ 
shoals  in  the  ancient  lake,  or  by  patches  of  the  magllMU 
stone  beda  which  crop  out  into  the  plain,  nuch  a*  at  tlw 
Hills,  oa^t  of  Fort  Garry,  which  must  havu  been  a  rodty 
one  time. 

The  banks  of  the  lower  part  of  Hmny  Biver  are  composed 
alluvial  deposit  of  a  hght-grey  colour,  containing  a  lus^ 
of  wliJte  saiid.     It  ih  distinctly  stratifiefU  and  baa  wii" 
been  formed  by  an  extension  of  the  I^ke  of  the  Woodi  iMCk 
Rainy  I.ake»     In  the  upper  port  of  Itfliuy  Kiver*  the  baaJCt 
and  toi  raced,  and  botdders  fihow  that  at  iMa  level  liiere  u 
deposit  of  true  Drift, 

At  Fembtna  Alountain,  the  eastern  limit  of  the  Si>etmd 
level  forms  an  escarpment  meastirmg  2.50  feet  aboi^  tha  plsii 

base.     From  the  point  wh^^  it  crosses  the  4&th  paiuUel,  it 

to  the  north-west  oud  aasumm  a  more  gentle  alope,  beiilg  bsi»lieit^  ^ 
into  three  or  four  subsidiaiy  termoes*  It  then  mv>e^  ihib  Aam^ 
boine  River  near  the  mouth  of  the  Souri*  ai^d  is  coBtinuc^d  to  theimfk 
by  the  hif^h  grounds  that  lie  to  the  west  of  Manitoba  Lake  frem  KidiJig 
Mount  to  the  Busquia  Hills,  which,  however,  rise  to  the  fall  b#t 
of  the  Ic^vel— that  k,  to  1600  feet  al>ovo  the  eea.  Below  Fort  i  lift 
Come  the  banks  of  the  Saskatchewan  arc  deeeribcd  as  tiaddeily  In- 
coming reduced  from  the  height  of  fte%Tnil  hundrcMi  fe^t  to  a  ili|?tt 
elevation  above  the  river,  showing  that  it  k  at  that  place  whctrf  ti* 
eastern  limit  of  this  level  meets  that  river.  The  prmries  of  ^ 
Upper  Assinehoine,  the  Qu'appolle  River,  and  those  alimg  iIm^ 
katehcwan,  from  Fort  4  la  Come  to  the  elbow  on  the  south  hmmk 
and  also  up  as  far  as  the  longitude  of  Fort  i*itt  on  the  norUi  hmj^ 
all  belong  to  this  level,  which  also  esctonds  to  the  base  of  the  ^ttA 
Missouri  C6t*.^au-  The  mlneml  composition  of  t!ie  sujierfitsd  i*" 
posits  of  the  Second  great  Pmirie- level  is  very  different  6w» 
that  of  the  first*  8and  is  the  predominating  ingredient*  Thiai  ^ 
St,  Joseph,  where  the  banks  of  the  Pombina  River  prei^iit  «  ^ 
seetion  of  it  to  its  base,  the  material  is  a  coarse  red  aanj,  ^ 
gravel  and  boulders.  There  ^u-e  no  signs  of  stmtifioatlcm  in  ■»! 
part  of  this  deposit  as  seen  at  Pcmbiua  Mount,  but  AutJier  "<*• 
where  it  assuiues  a  light- grey  colour^  and  aontainfi  &  cmiAi^ 
quantity  of  lime,  it  is  impertceQy  heddtKl.  Near  Fart  EUJoo^  ^ 
at  many  other  ports  of  the  distnot  to  the  south  and  weil  of  ^ 
place,  this  deposit  is  formed  wholly  of  gagmen ts  of  th«  nakf* 
lying  Cretaceous  shales.  At  Long  River,  Forked  Cl^eek,  md  Dlfl| 
other  pkcos,  this  deposit  was  observed  to  form  only  a  v^vf  ^ 
eoating  to  the  Cretaceous  rocks.  Ifotwithstanding  that  lh<*  joi- 
ries  of  this  level  are  often  eut  to  a  great  depth  by  thd  it 
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^Vsy  Tory  liitie  can  be  learnt  of  its  nature  at  different  points,  as 

<^  in  the  banks  of  the  golleys  are  rarely  seen.     At  Fort  EUice 

^  valley  of  the  Assineboine  is  240  feet  deep,  and  about  100  feet  of 

^is  composed  of  this  drift-deposit  resting  on  the  Cretaceous  beds. 

h  the  Qu'appelle  Valley,  near  the  Mission,  a  slide  exposed  the 

deposits  beneath  the  plane  to  the  depth  of  250  feet,  shoeing  it  to  be 

<^po8ed  of  stiff  sandy  clay  of  light-red  colour,  with  patches  of  blue 

day  and  gravelly  beds.     On  the  whole,  the  character  of  this  level, 

tt  &r  as  regards  its  mineral  composition,  is  variable  and  local. 

fculders  are  tolerably  plentiful  all  over  its  surface,  but  occur  in 

Potest  quantity  on  tiie  sides  and  summits  of  ridges  and  mounds, 

▼hich  rise  in  groups  to  the  height  of  from  50  to  80  feet.     Im- 

inonao  outliers  of  a  still  higher  level  occur,  attesting  the  immense 

^udation  which  has  taken  place ;  these  generally  rise  from  1400 

to  1600  feet  above  the  sea,  which  latter  is  the  height  of  this  level 

«t  the  base  of  the  Grand  Coteau,  Eagle  Hills,  and  Thickwood  Hills, 

*tt    of  which  form  the  eastern  limit  of  the  next  great  steppe.     (See 

%•   1.) 

^^.  1. — Section  16  miles  above  the  Elbow  of  the  South  Saskatchewan, 
^^owing  the  junction  of  the  Drift  and  the  Cretaceous  clays  at  the 
'f^€ue  of  the  Third  Prairie-level. 


a.  Drift.  b,  Soptoria-clays  (Upper  CretaoeouB). 

These  outlying  patches  occur  along  two  lines  parallel  to  the  general 

^^^mtour  of  Lake  Winnipeg  and  that  of  the  next  higher  level  to  the  west, 

^J*^d  were  doubtless  continuous  ridges  until  cut  through  by  the  dif- 

^^lent  river-valleys.     Thus  overhanging  the  lakes,  we  have  the  Pas, 

^^rcnpine,  Duck,  and  Hiding  Mounts ;  and  to  the  west,  a  line  of  which 

^^e  Touchwood  Hills,  Moose  and  Turtle  Moimtains  form  the  prin- 

^pal  points.     These  have  all  a  common  character,  rising  gently  to 

^ii  ill-defined  table-land  from  the  west ;  while  their  eastern  aspect 

^  extremely  mgged,  presenting  irregularly  deposed  ridges  of  coarse 

^i«ndy  drift  highly  charged  with  boulders.     This  steep  escarpment 

$B  generally  densely  wooded,  and  encloses  numbers  of  small  lakes. 

The  eastern  limit  of  the  Third  great  Prairie-loYel  is  met  with  at 
\he  Grand  Coteau,  Eagle  HiUs,  and  Thickwood  Hills,  and  is  only  cut 
tliroogh  by  the  channels  of  the  north  and  south  branches  of  the 
Baskatchewan ;  while  all  the  other  rivers  of  the  eastern  plains,  such 
as  the  Soori,  Assineboine,  Qu'appelle,  <&c.,  have  their  sources  short  of 
it.  I  have  stated  the  prairie  at  the  base  of  this  third  Uvel  to  have 
an  elevation  of  1600  feet  above  the  sea,  and  a  depression  of  the 
continent  to  this  extent  would  be  sufficient  to  submerge  the  eastern 
Lanrentine  axis  between  Lake  Winnipeg  and  Hudson  Bay,  or  at 
least  to  convert  it  into  a  mere  chain  of  iidands.    The  eastern  coast- 
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line  would  then  leave  the  Eocky  Mountains  in  latitude  56°  N., 
ncxir  Peace  River,  and  would  follow  what  is  now  the  water-shed 
hetween  the  Stwkatchewan  and  the  rivers  more  to  the  north,  till  it 
reached  the  107th  of  longitude.  From  this  point  the  Thickwood 
Hills,  Eagle  Hills,  and  Thunder-hrceding  Hills  would  form  the 
headliuids  of  a  great  hay  into  which  ijoured  the  waters  of  the  two 
Saskatchewans,  at  that  time  independent  rivers  debouching  where 
they  now  make  the  acute  bends  known  as  their  •*  Elbows".  The  coast- 
lino  was  then  continued  to  the  south-east,  forming  the  coteau  that  dips 
between  the  Missouri  and  St.  Peter's  Rivers.  As  seen  fit)m  a  d»- 
tance  when  travelling  in  the  low  plains,  tliis  great  steppe  appears  as 
a  range  of  blue  hills  with  a  smooth  undulating  outline.  On  ap- 
proaching it  a  gt^ntle  ascent  is  accomplished  for  many  miles,  ofiiar 
which  an  abrupt  rise  of  from  400  to  600  feet  has  to  be  effected, 
generally  in  from  4  to  6  miles.  The  surface  of  the  slope  is  extremelj 
rugged,  and  has  evidently  been  worn  into  pot-holes,  ridges,  and 
conical  mounds  by  the  action  of  water  on  the  soft  clay  strata  of  tha 
Cretac<?ous  group.  Everywhere  the  slope  is  thickly  strewn  with 
boulders,  aU  derived  from  the  Laurentian  chain  to  the  cast,  or  from, 
the  Bird's-eye  Limestone  which  rests  on  the  western  flank  of  thftt 
axis. 

Near  the  elbow  of  the  North  Saskatchewan  a  remarkable  group  of 
boulders  of  this  kind  of  limestone,  of  enormous  size,  crosses  the 
country  in  a  line  parallel  with  the  cofeau  to  the  west.  This  line 
has  been  ob8er\'ed  at  points  30  and  40  miles  apart.  Thty  occur  as 
great  angidar  masses,  consisting  of  several  of  the  beds  of  limestone, 
the  coherence  of  which  being  very  slight  proves  that  they  must  have 
ham  stranded  ^\^thout  any  great  violence.  One  of  these  masses  vca- 
tains  over  3000  cubic  feet  of  stone,  and  rests  on  the  plain  obliquely 
with  its  south-western  angle  buried  in  the  soil  (see  sketdi,  fig.  2). 

Fig.  2. — Boulder  an  tJte  Plahis  south  of  Carlton, 


More  to  the  west  than  tliis  is  a  lino  of  sand-hills,  which  has  en* 
dently  marked  a  coast-line,  although  their  original  position  maynflf 
be  much  altered,  since  they  are  still  wind-blown  as  during  thtf 
first  production.  They  have  a  dear  relation  to  the  ancient  kv«» 
and  are  found  at  the  same  altitude  over  such  a  stretch  of  watijf 
always  at  a  little  distance  from  the  base  of  the  escarpment,  that  thu* 
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be  no  question  as  to  their  origin.  Similar  sand-hills  were  ob- 
'ed  on  the  Souri  River  at  the  base  of  the  Second  Prairie-level, 
ch  must  have  been  formed  on  the  shore  of  the  extended  lake. 
"he  rosemblanee  which  the  plains  along  the  base  of  this  great 
»pe  bear  to  the  shore  of  Hudson  Bay  at  the  present  time  may  be 
jed  of  from  the  description  given  by  Sir  J.  Richardson,  who  says, 
be  western  shore  of  Hudson  Bay  between  latitude  56°  and  58^ 
at,  and  the  depth  of  the  sea  decreases  very  gradually  on  approach- 
them.  In  seven  fathoms  of  water  the  tops  of  the  trees  are  just 
bte  from  a  ship's  deck.  Large  boulder-stones  strew  the  beach, 
I  form  shoals  even  at  the  distance  of  five  miles  from  the  shore,  which 
very  hazardous  to  boats."  In  proceeding  up  the  river  from 
*  eoast,  he  says  that  after  a  tract  of  level  country  "  the  banks  ■ ' 
flMisting,  he  before  mentions,  of  drift-clay  and  boulders)  "  rise 
•m  a  very  narrow  river-channel  to  an  elevation  of  very  nearly 
0  feet.  Their  outline  is  broken  into  conical  eminences  by  short 
nnes,  which  open  into  the  nv&r  at  right  angles.  These  banks  have 
ictly  the  same  form  and  constituent  parts  as  those  which  occur  on 
e  confines  of  Lake  Winnipeg  and  the  Saskatchewan.'*  As  he  made 
6  latter  remark  in  allusion  to  the  nature  of  the  underlying  rocks 
the  two  localities  without  reference  to  the  drift,  it  is  all  the  more 
loable  for  the  purpose  of  proving  this  similarity,  which  \a  so 
iking  between  the  present  state  of  the  coast  of  Hudson  Bay  and 
B  ancient  eoast-line  along  the  base  of  the  Third  Prairie -level.  In 
B  mgged  district  of  this  steppe  there  are  enclosed  numerous  lakes^ 
06  of  great  size,  and  all,  without  exception,  more  or  less  impreg- 
ted  with  salts,  of  whieh  sulphate  of  soda  is  the  predominating 
^i^ent.  In  autumn  after  the  dry  summer,  these  lakes  are  fringed 
th  crystals,  and  the  soil  in  many  places  is  covered  with  a  white 
loreseence.  Whetiier  these  salts  are  derived  from  the  superficial 
posits  of  the  ancient  eoast-line  or  from  the  Cretaceous  clays,  I  am 
ftble  to  say ;  but  the  position  of  the  salt-lakes,  generally  at  the 
^  altitude,  inclines  me  to  the  former  opinion, 
rhe  Laurentian  axis  is  covered  with  a  great  deposit  of  drift,  con- 
^lig  of  coarse  red  sand,  with  many  lai^o  and  small  boulders.  This 
>oeit  forms  a  flat  swampy  plain,  well  wooded  towards  the  west,  but 
aids  its  eastern  margin,  as  at  Cold  Water  Lake,  worn  into  deep 
gulleys  and  round  pot-holes  without  any  exit.  The  thickness 
iis  deposit  is  ftx^m  200  to  300  feet,  and  the  highest  point  of  it 
bout  900  feet  above  Lake  Superior,  or  on  a  level  with  the  plains 
^  Cariton.  Qlacial  scratchings  were  distinctiy  seen  at  many 
^  of  the  axis.  The  direction  is  generally  north  and  south. 
'dly  a  surface  in  the  granitic  tracts  did  not  present  distinct 
^hes.  They  were  seldom,  however,  to  be  observed  on  southern 
otures  of  rock-surfaces  if  these  slq)ed  much ;  but  the  more 
(aces  with  northern  exposures  sloped,  the  better  they  seemed 
)e  marked. 

U  will  be  seen  fi^m  section  No.  2.  PL  XIII.,  in  rising  to  the  sur- 
5  of  the  third  steppe  we  have  the  plains  composed  of  the  Cretaceous 
ita  with  only  a  very  thin  coating  of  Drift,  which  has  always  a  local 

VL.  XVn. — PART  I.  2  Y* 


llicsL'  bhick.s  arc  ol*  p-ciit  size,  n 
*jr){)  tolls.  Althou^li  lyiii^  in  a  • 
of  the  saun'  rurk — viz.  a  iiiixtun 
pivduiniiialing,  with  only  faint  t 
minute  llakos.  They  present  sn 
tliey  are  rhomboidal  in  form.  S 
pieces,  wliich  are  quite  detached, 
block*. 

If  these  blocks  were  derived  fro 
believe  all  the  crnitios  of  the  p: 
travelled  at  least  4U0  miles.     Fro 
beyond  the  western  verg:e  of  the 
found,  as  a  rule,  to  diminish  in  size 
presence  of  these  blocks  is  due  to  ^ 
at  least,  in  the  time  of  their  occu 
on  the  east  flank  of  the  Eocky  M< 
but  the  Trois  Uutes,  south  of  the 
posed  of  granite,  and  also  the  lil 
calities  are  much  to  the  south  of  w 

The  surfaces  of  ihi*  higher  plain 
by  profound  rents,  resembling  the  t 
after  running  for  several  miles,  an 
})oth  ends.  They  are  often  occupie 
presstKl  200  fwt  to  3(>0  feet  below 
a  mile  in  width,  llie  great  coul 
Ear  Hills,  south  of  Battle  River,  i 
but  they  are  found  in  many  other 
ceivo  that  they  are  due  to  erosion  ti 

Before  lea\'ing  the  superficial  dej 
necessary  to  notice  the  great  rive 

*  For  montioii  of  a  siinilar  nliiw/%*«—- 
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vhich  all  point  to  a  time  when  the  rivers  exercised  a  more  powerful 
influence  than  now ;  as  even  small  streams,  such  as  Battle  Kivor, 
ikw  through  valleys  from  150  to  250  feet  deep,  which  have  hcou 

partially  refilled  with  stratified  deposits.  The  sides  of  these  valleys 
Are  in  general  as  regular  and  formal  as  those  of  a  railway- cutting, 
excepting  where  the  nature  of  the  strata  causes  frequent  slides,  or 
hBidti  beds  give  rise  to  a  cli£f-structui*e.  The  fiat  alluvial  hottoms 
of  these  valleys  are  often  four  or  &ve  times  the  width  of  the  river 
iriuch  winds  through  them,  and  whieh  is  hemmed  in  hy  secondar}' 
iUiks  30  to  40  feet  high.  The  silt  and  alluvium  are  in  general  re- 
■alarly  stratified,  and  almost  every  river-point  contains  one  or  more 
•goons,  showing  the  frequent,  though  slow,  change  in  the  river- 
lanneL 

^errace-dfposits  of  the  Mountains, — At  the  distance  of  90  miles 
otn  the  Bocky  Mountains,  the  valleys  of  the  rivers  flowing  to  the 
A^  commence  to  exhibit  terraces  composed  of  rounded  fragments  of 
i^artzite  and  limestone,  such  as  would  form  the  rounded  shingle  on 
*x>cky  shore.  At  the  Rocky  Mountain  House,  where  these  terraces 
^t  attracted  my  attention  in  the  winter  of  1857-58,  the  North 
^^tchewan  has  excavated  a  valley  in  the  Cretaceous  strata,  which 
'^es  greatly  in  its  width,  sometimes  being  hemmed  in  by  perpen- 
^'lolar  cli£G9  of  sandstone,  and  sometimes  sloping  gently  back  to  the 
^x^ated  country  on  either  hand  where  the  strata  had  been  loss 
^l«  to  resist  the  erosion. 

In  this  valley  there  are  tiiree  terraces  extensively  developed  at  20, 
^.  and  110  feet  above  the  water-level*.  Until  we  approach  close 
*  the  mountains  these  terrace-deposits  are  confined  to  the  valleys 
f  the  larger  streams,  but  gradually  they  spread  out,  and  at  Itist  cover 
^©  whole  country  along  the  base  of  the  mountains,  filling  up  the 
oUows  and  valleys  of  the  outer  ranges  to  the  depth  of  sevcrnl 
tindred  feet.  Tins  feature  was  observed  at  evcrj'  point  where  we 
Pproaehed  the  mountains  from  the  east,  from  the  49th  parallel  north- 
wards, and  indeed  was  even  better  marked  on  the  Athabasca  River 
ban  on  any  of  those  further  south.  Judging  from  the  accounts  of 
imerican  explorers,  these  terraces  extend  along  the  base  of  the  Rocky 
lountains  all  the  way  south  to  Mexico. 

One  hundred  miles  east  of  the  mountains,  in  latitude  49°  30'  N., 
hingle-beds  are  found  to  eap  the  Cypres  Hills,  which  have  an  altitude 
bove  the  sea  of  3800  feet,  or  nearly  the  same  as  that  of  the  base  of 
he  Rocky  Mountains.  The  Cyprds  Hills  are  nothing  more  than  the 
restem  extremity  of  the  great  Missouri  eoteauy  which,  curiously 
>notigh,  here  presents  an  escarpment  to  the  west,  and  is  separated  from 
he  mountains  by  a  tract  of  flat  arid  coimtry  of  the  above  width .  This 
'Meau  is  composed  of  Cretaceous  and  Tertiary  strata,  which  have  rc- 
nained  as  a  dividing  ridge,  from  the  denudation  having  acted  to  the 
north  and  south  of  the  line  which  it  marks.  It  is  on  the  west  and 
south  exposures  of  these  hills  that  the  shingle  occurs,  formed  into 
terraces  like  those  along  the  mountains. 
Th^  are  not  to  be  classed,  however,  with  the  river- terracx^s,  which 
*  These  are  roughly  introduced  in  flg.  7.  p.  424. 
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arc  of  much  more  recent  formation,  having  been  derived  £rom  the 
deposits  along  the  base  of  the  mountains  *. 

Tliis  may  not  only  be  inferred  from  their  relative  position.  Imt  alao 
from  the  composition  of  the  terraces  themselves ;  for,  although  the 
pebbles  are  the  same  in  all,  those  in  the  valley-terraces  are  well 
cleaned  and  mixed  vnth  sand,  while  in  the  terraces  along  the  moan- 
tains  and  on  the  Cypres  Hills  they  are  often  encrusted  with  white 
calcareous  matter.  This  sometimes  increases  so  as  to  form  a  perfect 
cement,  so  hard  as  to  allow  of  the  fracture  of  the  pebbles  before  that 
of  the  matrix,  just  as  is  seen  in  some  ancient  conglomerates +. 

On  approaching  the  Rocky  Mountains  the  extreme  rc^jularitv  with 
which  these  deposits  have  been  terraced  by  i^etiring  waters  at  once 
attracts  attention.  At  the  place  where  Belly  River  leaves  the  moun- 
tains, in  latitude  49°  34'  N.,  Capt.  Blakibton  measured  three  of  these 
terraces,  and  found  that  they  were  elevated  61,  152,  and  202  fwt 
above  the  river-level,  which  at  that  point,  according  to  his  measure- 
ment, is  4024  feet  above  the  sea.  He  describes  them  as  being  "very 
marked,  appearing  as  a  succession  of  steps  from  the  level  of  the  riw 
to  tlie  plain  above,  often  in  sight  for  miles  and  running  horizontally. 
The  tread  of  the  step  is  of  variable  ^ddth,  but  the  nse  is  neariy 
always  abrupt  and  well  marked."  From  the  regularity  of  these 
embankmont-like  terraces  in  the  valley  of  one  river,  he  named  it 
Railway  River  (Further  Papers,  Palliser's  Expedition,  1860,  p.  6S). 

On  Bow  River  they  are  also  well  maikcd,  and  there  I  measuied 
four  at  the  altitudes  above  the  river-level  of  30,  140,  170,  and  240 
feet,  and  traces  of  one  still  higher  at  350  feet.  The  valley  of  hff^ 
River  within  the  mountains  is  narrow  and  tortuous  for  the  tint 
twelve  miles,  and  in  this  part  of  its  course  the  terraces  arc  haidly 
pre8er\'cd.  Above  this  point,  where  it  occupies  one  of  the  expanded 
horizontal  valleys  conforming  to  the  strike  of  the  strata,  they  ire 
again  enormously  developed.  Even  on  gaining  the  Vermilion  P« 
the  only  steep  climb  is  at  first,  up  the  face  of  these  terraces  for  150 
feet ;  and  then  a  gentle  slope  leads  to  the  height  of  land. 

The  valley  of  the  North  Saskatchewan  is  much  wider  and  mora 
direct  within  the  Rocky  Mountains ;  and  there  wo  have  not  onlj 
these  terraces  remarkably  developed,  but  also  their  mineral  compo- 
sition much  altered,  partaking  of  what  will  be  found  to  be  their 
character  on  the  western  slope  of  the  mountains.  At  a  similar 
place,  with  respect  to  the  mountains,  to  where  the  terraces  wen 
measured  on  Bow  River,  four  were  estimated  to  have  an  altitude  of 
25,  70,  180,  and  300  feet  above  the  North  Saskatchewan.  The 
shingle,  cemented  into  a  hard  conglomerate,  was  here  seen  to  rat 
on  the  edges  of  the  contorted  strata  of  grit  and  shale  with  thin 

*  In  latitude  42°  at  tlie  base  of  the  Rocky  Mountains  near  Fort  Lutnu^t 
Hayden  describes  similar  "  depouta  of  coarse  conglomerate,  50  to  150  feet  in 
thicknefM,  formed  since  the  scooping  out  of  the  present  riTer-TaUefK.'*— FTO^ 
Acad.  Nat..  Sci.  1858. 

t  Darwin  sajs  of  the  ehingle-formation  of  Pataflonia,  "  The  pebbLes  an  ia- 
bedded  in  a  wliito,  gritty,  calcareous  matrix  very  liio  mortar,  sometimes  msK^ 
ooyering  with  a  wfiitcwash  the  separate  stones,  and  sometiineB  fonaing  tfasywlg' 
pari  of  tho  mass." — Qcol.  of  S.  America,  p.  19. 
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ma  of  coal.  Within  the  mountains  the  terraces  expand  so  as  to 
n  level  prairies  along  the  North  Saskatchewan,  of  which  the 
3tanie  Plain  is  the  principal.  It  is  many  miles  in  extent  and 
iposed  of  shingle  and  incoherent  sand,  the  widest  terrace  being 
)  feet  above  the  river.  The  river  is,  however,  skirted  by  terraces 
Btill  higher  levels,  especially  on  the  south  or  right  side  of  the 
ley.  Above  Pine  Point  the  calcareous  matter  of  these  terrace- 
X)6its  so  increases  as  to  replace  altogether  the  pebbles,  and  they 
>  often  composed  of  fine  gritty  calcareous  mud  of  glistening  white- 
as.  If  followed  into  the  higher  valleys,  they  become  confused  with 
e  detritus  of  ancient  glacier-moraines,  which,  however,  are  easily 
stinguished  by  the  angular  blocks  which  they  contain. 
On  the  Athabasca  River,  at  fifteen  miles  from  the  mountams  in 
direct  line,  the  terraces  were  found  at  15,  100,  210,  and  370  feet 
l)ove  the  river-leveL  Within  the  mountains,  this  valley,  which  is 
MiTB  dilated  than  even  that  of  the  North  Saskatchewan,  has  also  the 
srraces  better  developed  than  I  have  elsewhere  observed  them  on 
le  east  side  of  the  chain.  The  river  moreover  dilates  into  extensive 
kes  at  different  points  of  its  course,  and  there  the  rearrangement  of 
e  material  of  the  terraces  is  seen  to  be  going  on ;  the  water  sepa- 
tiag  the  calcareous  mud  from  the  pebbles,  while  the  winds,  which 
3  extremely  violent  in  this  valley,  sift  out  the  fine  sand  and  pile  it 
tracts  of  sand-dunes  which  cover  large  areas. 
Xhe  terraces  may  be  considered  as  ranging  on  the  east  side  of  the 
^cdty  Mountains  from  3500  to  4500  feet  above  the  sea.  Wherever 
iy  prevail  they  support  a  growth  of  a  peculiar  sturdy  pine  which, 
O)mmon  with  the  Banksian  Pine,  is  known  to  the  Hudson  Bay 
mpany's  himters  as  the  Cjrpres  ♦. 

^ften  the  surface  of  a  terrace  is  quite  free  from  timber,  the  trees 
ing  easily  thrown  out  of  the  loose  gravelly  soil,  and  then  it  is  gc- 
^ally  clothed  with  "  bunch-grass  t,"  which  at  once  catches  the  eye 
different  from  the  grasses  of  the  eastern  plains.  The  country  occu- 
ed  by  the  terraces  is  easily  passed  through,  as  the  forasts  are  there 
3e  from  underwood,  and  the  only  obstacle  to  the  traveller  arises 
>m  his  having  so  often  to  make  a  steep  descent  to  the  base  of  the 
posit,  which  is  cut  through  by  every  little  stream,  and  then  to 
mb  again  the  opposite  bank.  When  passing  along  the  side  of  a 
lley,  the  numerous  cross  gulleys  due  to  this  cause  would  render  the 
istmction  of  a  road  a  very  difficult  matter,  although  nothing  could 
firmer  or  more  level  than  the  surfaces  of  the  terraces  themselves, 
lis  remark  applies  equally  to  the  valleys  on  the  west  side  of  the 
>cky  Mountcuns,  where  the  terrace-deposits  have  a  much  greater 
velopment. 

Terraces  of  the  Western  Slope. — All  the  valleys  between  the  Rocky 
oontains  and  the  Pacific  coast  lower  than  4000  feet  above  the  sea 

*  This  pine  is  allied  to  the  Pinus  inops  of  the  Atlantic  bord  and  to  the  P.  con- 
fa  of  toe  Pacific,  and  yet  has  distinctive  characters  from  either.  It  lias  been 
(ypoeed  to  call  it  Pintts  Saakatckewensis,  Hooker. 

f  Feshiea  of  various  species.  The  grass  on  the  eastern  plains  consists  of  varies 
t  of  Chondrosium  (Blodgef  s  '  Climatdagy  of  the  United  States,'  p.  451 ). 
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arc  fi)und  to  bo  more  or  less  occupied  by  deposits  which  are  terraced 
with  greater  regularity. 

On  descending  the  western  slope,  these  deposits  were  first  observed 
in  the  lower  part  of  the  valley  of  Vermilion  River,  where  they  are 
formed  of  the  same  glistening,  white,  calcareous  mud  that  was  seen  in 
the  valley  of  the  North  Saskatchewan ;  but  it  is  in  the  wide  valleys 
of  the  Kootanie  and  Upper  Columbia  Rivers  that  these  terraces  are 
best  developed  in  the  Rocky  Mountains.  These  rivers  run  in  oppo- 
site directions  through  the  same  great  valley  which  lies  parallel  with 
the  mountain-axis  for  nearly  250  miles,  and  which  throughout  is 
Hkirted  by  terraces  forming  a  succession  of  platforms,  often  rising  to 
(JOG  feet  above  the  river.  These  extend  into  the  side-vaHej^s,  pre- 
ferring their  horizontal  character,  but  their  composition  is  often 
changed.  At  various  points  these  depi>sits  were  seen  to  be  distinctly 
Ktrntified,  and  in  some  cases  they  must  have  been  disturbed  betwefn 
the  time  of  their  formation  and  that  of  their  being  finallv  moulded 
into  terraces.  Thus  where  the  Kicking-horse  River  joins  the  Colom- 
bia, and  where  both  valleys  present  perf<^et  terraces  at  fWe  different 
levels,  the  highest,  forming  a  wide  shelf  540  feet  above  the  river, 
tlie  ai)pearanco  which  is  exhibited  in  fig.  3  was  observed,  where 
the  stream  has  worn  away  the  bank. 

Fig.  3. — Ttrmas  In  the  Valhif  of  Kiching -horse  River,  Racly 
Mountains, 

Shingle. 


Slfll^  And. 

TejTUC  _„„„ ,,.,_^ 

('alcareaua  muJ. 
Terrace. ^_,  ^ 


SUte-zock. 

llie  erosion  of  these  deposits,  and  the  production  of  steep  sbA 
quickly  succeeding  terraces  (both  being  processes  which  may  have 
been  simultanoonsly  eflccted  on  successive  shore-lines  cither  of  the 
sea  or  of  inland  lakes)  have  been  much  more  perfect  in  the  valley  rf 
Columbia,  as  far  south  as  latitude  51**,  than  in  the  remainder  of  ike 
Columbia  valley,  which  extends  for  a  degree  further  to  the  sooth, 
or  throughout  that  porticm  of  the  same  great  trough  which  is  oc- 
cupied by  the  Kootanie  River ;  for  there  the  deposits  remain  com- 
paratively undisturbed,  and  form  great  stretches  of  prairie,  anh 
cut  through  by  a  narrow  but  deep  channel  for  the  river.  V* 
change  of  appearance  in  the  valley  from  this  cause  is  veiy  ahnqit 
and  striking.  North  of  latitude  51^  the  terrace-steps  succeed  ooe 
another  rapidly,  with  the  tread,  or  horizontal  surihce  of  the  itcjH 
narrow  and  furrowed ;  and  the  traveller's  progress  is  here  impedrf 
by  the  dcn:.c  growth  of  forest  of  a  northern  type,  consisting  ^tirv- 
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tic8  of  Spruce-fir  for  the  most  part,  with  dense  underwood ;  but  on 
passing  south  of  the  slight  bend  of  the  Cohimbia,  the  tread  of  the  ter- 
race-steps commences  to  expand  into  ^idc  level  plains,  dotted  with  a 
forest  of  the  sturdy  Pinus  ponderosa  or  the  gigantic  Larix  occiden- 
ialisy  both  of  which  are  trees  that  find  their  mtiximum  in  Southern 
Oregon.  The  outlines  of  the  terraces  still  preserve  the  same  extreme 
formality  and  steepness  of  slope,  but  on  their  level  suifaco  a  rider  can 
gallop  in  almost  any  direction,  so  free  is  the  forest  from  underwood. 
Sometimes  the  trees  are  entirely  wanting,  leaving  great  tracts  of  open 
plain  embosomed  in  the  mountains,  forming  the  camping-grounds  of 
the  Kootanie  and  Flat-head  Indians,  on  which  they  raise  the  large 
bands  of  horses  for  which  they  arc  famous  amongst  all  other  Indians, 
the  diy  soil  and  nutritious  bunch-grass  producing  a  breed  of  superior 
hardihood  and  swiftness. 

In  descending  the  Kootanie  River  from  the  Tobaco  Plains  *  to 
Colvile  the  country  is  rugged  in  the  extreme,  and  these  terraces  are 
met  with  wherever  they  have  been  sheltered  from  recent  erosion  in 
valleys  of  unusual  width  or  in  recesses  of  the  more  narrow  ones. 
On  reaching  the  belt  of  country  where  schistose  and  metamori)hic 
rocks  prevail,  the  pebbles  are  often  composed  of  greenstone,  quartz, 
and  the  other  vein-rocks  of  the  strata  which  they  overlie.  On  reaching 
the  lower  part  of  the  country  near  Colvile,  the  terraces  arc  still  found 
in  all  the  vaUeys,  not  only  at  moderate  elevations  but  also  high  up  in 
the  mountains.  Thus  the  Columbia  at  Fort  Colvile,  in  latitude  48** 
34',  is  1000  feet  above  the  sea,  and  terrace-deposits  were  obsen'cd  on 
the  sides  of  the  vaUey  at  least  1200  feet  above  the  river-level. 

The  great  Columbian  Desert  and  the  Spokane  Plain  are  both 
covered  with  the  same  deposits  of  shingle,  resting,  in  the  former  case, 
on  the  great  lava-floes,  and,  in  the  latter,  on  granite  and  metamorphic 
rocks.  The  Spokane  Plain,  which  is  of  comparatively  limited  extent, 
has  its  margin  beautifully  terraced,  repeating  on  a  grand  scale  the 
same  phenomena  as  may  be  observed  on  the  shore-line  of  a  shallow 
lake  after  the  summer-drought.  At  old  Walla  "Walla,  where  the 
Columbia  River  passes  from  a  ^'ide  and  flat  sandy  desert  to  break 
through  the  profound  rocky  c/tnon  of  the  Cascade  Range,  the  whole 
country  is  covered  with  light  blown  sand,  which  renders  it  almost 
uninhabitable,  being  swept  in  clouds  by  the  high  gales  that  constantly 
blow  either  up  or  down  the  river  through  this  wonderful  chasm. 
Here  in  an  ancient  lake-bottom  have  been  found  the  remains  of  a 
Mastodon  by  some  American  explorers. 

To  the  west  of  the  Cascade  range  of  mountains  along  the  Pacific 
coast,  terraces  of  shingle  prevail  as  in  the  interior.  Also  on  Vancouver 
Island  they  were  observed  near  Nanaimo.  Near  Fraser  lliver  and 
Paget  Sound  they  are  very  weU  marked,  and  at  the  latter  place  occur 
the  "  Mound-prairies,"  which,  however,  I  only  know  of  by  report. 
Thcso  are  level  surfaces  of  terraces  free  from  forest,  and  covered  with 
lines  of  conical  mounds,  10  to  20  feet  high,  said  to  be  formed  of 

»  The  term  ••  Tobaoo  Plain  "  should  properly  be  only  applied  to  a  little  plot 
near  the  Kootanie  Trading  Post,  but  we  have  tliought  it  advisable  to  extend  the 
name  to  all  the  large  plains  along  the  Kootanie  River  near  lat.  4U°  N. 
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lK)ul(]er»  piled  on  one  another  and  resting  on  the  surface  of  ih» 
aliingle. 

Terraces  in  California, — Before  leaving  these  shingle-depositf, 
which  are  so  largely  distributed  throughout  the  mountain-Talleyv 
uf  British  North  America,  I  may  mention  that  in  California  I  found 
these  terraces  ranging  on  the  western  slope  of  the  Sierra  Nevada, 
at  least  to  the  heiglit  of  3000  feet,  and  there  they  are  extensiTcly 
worked  by  the  hydraulic  method  for  the  Siike  of  the  gold  they  con- 
tain. At  Nevada  City,  and  also  on  the  Yuba  River,  I  saw  deposits 
of  this  shingle-conglomerate,  :200  and  300  feet  in  thickness,  ac- 
tually being  washed  oif  from  the  face  of  tl^  coimtrj  by  this  power- 
ful means,  which  consists  in  delivering  water  under  great  prGssnre 
agiiiust  the  face  of  the  chff,  from  nozzles  like  those  of  a  fire-engine. 
Tlio  supply  of  water  for  this  puri)ose  is  in  the  hands  of  companie* 
scpamte  from  tliosc  that  conduct  the  mining,  ns  it  is  often  bmaght 
through  tunnels  and  over  high-level  aqueducts  from  remote  and 
uninhabited  regions.  The  particles  of  gold  ju-e  disseminated  through- 
out the  whole  deposit,  but  the  richest  Wiwhings  are  from  its  l^ase, 
where  a  pink  i)ii)c-clay,  technically  known  iis  "  pay-dirt,"  rests  on  the 
*'  bed-rock."  The  whole  water,  with  the  material  washed  out  of  the 
difi',  is  directed  through  long  troughs  called  '*  flumes,"  which  are  con- 
structed of  wood,  like  mill-leads,  often  continuously  for  six  or  seven 
miles.  The  large  stones  arc  thrown  out,  as  they  pass,  by  men  with 
shovels,  to  save  the  wear  on  the  bottom  of  the  *'  flume,"  while  the 
liner  material  is  carried  on  by  the  nish  of  water,  and  passes  over 
frequent  crossbars  called  **  rii)i>les,"  where  a  little  mercury  is  pla«tHi 
to  entrap  the  gold  by  amalgamation.  At  Nevada  City,  where  the 
coating  of  shingle-deposit  has  thus  been  cleared  from  the  surface  of 
the  coarse-grained  and  soft  gnuiitc  which  underlies  it,  gigantic  maMCS 
were  exposed  on  what  had  once  been  the  rugged  shore  of  an  inlet, 
just  as  may  be  seen  on  a  watenvorn  coast  of  the  same  material  at 
the  present  day.  In  California  fragments  of  wood  are  fonri 
throughout  the  shingle  in  abundance,  often  carbonized,  bnt  in 
general  silicitied  into  a  substance  exactly  resembling  asbestos.  In 
the  sand  and  conglomerate  of  the  Kootanie  Valley  I  found  fragmcnto 
of  wood  of  similar  ap|>earance. 

As  my  observations  in  California  should  not  proi)erly  be  introdnccd 
in  this  paper,  I  shall  leave  them  for  another  opportunity,  the  object 
of  my  having  mentioned  them  being  to  point  out  the  great  similarity 
between  tlie  supcrfitaal  deposits  of  the  great  gold-country  and  thott 
within  the  British  territory  further  north,  which  encourages  me  to 
assert  that  the  whole  country  u]>  to  the  Kootanie  Biver  and  the  btN 
of  the  Bocky  Mountiiins,  wherever  the  ancient  terrnccB  prevail  resting 
on  Silurian  or  motamorphic  rocks,  wiU  be  found  to  be  auriferous. 
In  my  party  in  1859  I  had  an  expert  "  washer"  who  had  been  at 
the  Califomian  mines ;  and  ho  frequently  got  «'  colour,"  as  a  fiunt 
ti-aec  of  gold  is  termed,  by  merely  washing  the  gravel  from  the  hedi 
of  the  streams,  \vithout  any  regular  "  prospecting  "  or  "  digging.'' 
The  discover)'  of  what  are  among  the  richest  "  pan-diggings  "  on  the 
Pacific  coast  in  the   Schimillcomeen  Valley,  and  the  existence  rf 
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old-minc8  worked  since  1855  on  Clark's  Fork,  half  a  mile  north 
r  the  boundary-line  where  it  meets  the  Columbian  River,  prove 
uit  the  belt  of  auriferous  country  in  California  and  Oregon  is  con- 
J1110D8  with  that  of  Fraser  River ;  and  there  is  no  reason  to  doubt 
tiat  in  a  short  time  the  rugged  and  unexplored  country  which  forms 
triangular  region  north  of  the  boundary-line,  and  is  drained  by  the 
raters  of  the  Upper  Colimibia  and  Kootanie  Rivers  will  be  overrun 
ly  prospectors,  and  then  by  active  gold-miners,  just  as  the  western 
»rt  of  British  Columbia  has  been  within  the  last  few  years  *. 

Age  of  the  Terrace-d^osits. — ^The  evidence  we  have  respecting  the 
»ge  of  the  terrace-accumulations  is  very  imperfect.  There  can  bo  no 
doubt  that  those  occup}'ing  the  valleys  of  the  Rocky  Mountains,  being 
tiirthest  from  the  coast  and  at  the  greatest  elevation,  are  the  most 
iQcient,  and  that  from  the  time  of  their  deposit  till  now  the  rear- 
nngement  of  the  same  materials  has  been  carried  on  during  the 
gradual  uprising  of  the  continent. 

The  shores  of  the  intricate  channels  and  inlets  on  the  Pacific  coast 
of  British  North  America,  if  elevated  from  the  sea,  would  present  but 
sligbt  difference  from  sides  of  the  narrow  valleys  in  the  Rocky  Mount- 
ains at  an  altitude  of  3500  feet.  Whether  the  continent  was  ever  in 
Jater  times  depressed  to  that  extent  in  the  mass,  or  whether  the 
f^tral  upheaval  has  been  much  greater  than  that  along  its  margin, 
18  a  consideration  of  great  importance,  and  could  perhaps  be  settled 
^  ascertaining  to  what  altitude  the  terraces  can  be  traced  on  the 
^**cade  Mountains. 

The  existence  of  marine  Tertiaries  along  the  coast,  supposed  to  be 
^  the  same  ago  as  those  in  the  eastern  prairies,  and  also  within 
^  Cascade  Range  at  slightly  greater  elevation  and  sometimes  over- 
flowed by  the  lava  from  those  mountains,  would  seem  to  indicate  that 
Jke  elevation  has  been  very  unequal ;  or,  in  other  words,  that  the 
Tertiary  formations  along  the  Pacific  coast  have  hardly  been  raised 
•t  all,  while  those  in  the  interior  are  elevated  several  thousand  feet. 

On  the  eastern  plains  we  have  marine  and  other  Tertiaries  at  an 
Utitudc  of  about  3000  feet  above  the  sea,  and  Haydcn  describes 
iem  as  '*  in  all  cases  undisturbed,  and  not  unfrcquently  resting  on 
be  upturned  edges  of  azoic  and  granitic  rocks  t."  But  in  tlie 
orairies  these  Tertiaries,  along  with  the  Cretaceous  strata  on  which 
hey  generaUy  repose,  have  been  enormously  denuded,  and  are 
>iiiid  merely  as  outlying  patches  forming  the  tops  of  hills.  It  must 
avo  been  during  the  period  when  this  denudation  of  the  eastern 
lains  accompanied  the  gradual  emergence  of  the  continent,  but  acting 
dth  very  different  residts  on  the  rocky  sea-bottom  and  successive 
EMiges  of  iron-bound  coast  presented  by  the  western  slope,  that 
[icse  immense  deposits  of  shingle  were  formed  and  moulded  into 


*  I  have  just  beard  that  some  Americans  have  discoTcred  that  there  is  gold 
epoaited  hy  the  Saskatchewan  at  the  Rocky  Moiuitoin  House.  If  so,  it  must 
e  washed  out  of  the  shingle-terraces  along  the  eastern  base  of  the  mountains. — 
nig.  1,  1861.  t  Proc.  Acad.  Nat.  M.  18r>8,  p.  17. 

(  In  many  cases  there  is  no  doubt  that  the  terrace-arrangement  has  been 


400  PKOCEEDI^GS  OF  THE  GKOLOGICAL  SOCIETY.  [Apr.  10, 

But  if  this  reasoning  is  to  apply  to  tlic  most  ancient  of  thnse 
accumulations,  and  so  place  them  &s  more  recent  than  the  latest 
Tei-tiar}'  times,  then  there  must  have  hcen  a  slight  depression  prior  to 
the  steady  and  gradual  elevation  of  the  continent  that  has  continued 
ever  since.  Moreover,  unless  this  depression  was  local  and  confined 
to  the  mountain-region,  how  are  we  to  account  for  the  absence  of 
Post-tertiaiy  formations  over  the  high-lying  Tcrtiaries  of  the  jilaim 
in  sufficient  (juantity  to  have  allowed  time  for  the  production  of  such 
a  gigantic  formation  of  waterAvom  stones  ? 

On  the  other  hand  it  is  possible  that  their  production  may  have 
{commenced  in  Tertiary  times,  so  that  they  are  almost  coeval  with 
the  great  lignite-basin  of  the  Missouri,  which  is  an  estuarine  de- 
l)08it  resting,  according  to  Haydcn,  quite  conformably  on  his  Upper 
Cretaceous  l>eds. 

He  also  describes  his  Titiinotherium-bed,  the  lowest  of  the  \STiite 
lliver  Tertiarj-  basin,  which  has  yielded  so  many  forms  of  chelonioJi 
and  mammalian  remains,  as  likewise  renting  without  a  break  of  con- 
formity on  the  Upper  Cretaceous*.     Thus  if  this  latter  sugj^estion 
respecting  tlie  age  of  the  most  ancient  of  the  terraces  be  correct, 
they  must  have  l)een  formed  in  the  straits  and  inlets  of  an  archipe- 
lago or  rocky  reef  lying  to  the  west  of  a  flat  Cretaceous  continent, 
in  wliioh  were  estuaries  and  lagoons  choking  with  rank  Testation, 
and  large  lakes,  which  gradually  filled  up,  burying  the  remain*  ci 
the  gigantic  turtles  and  extinct  forms  of  mammals. 

In  the  Chilf  of  Georgia  there  are  beds  of  conglomerate  Euid  coaw 
sandstone  overlying  the  Cretaceous  strata  to  all  appearance,  and 
which,  I  have  thought,  may  perhaps  correspond  to  the  more  ancient 
of  the  moimtain-terraees  to  which  they  bear  a  great  mineral  resem- 
blance, excepting  that  those  in  the  Gulf  of  Georgia  have  been  much 
disturbed,  so  that  they  are  harder  and  their  bedding  m  better  marked. 
The  difference  is,  however,  not  greater  than  we  should  expect,  if  we 
consider  tlie  one  group  to  have  been  placidly  raised  to  a  giwt 
altitude,  while  on  the  other  the  force  has  been  expended  in  prodndng 
plications  and  faults. 

Drift  of  Pac'ijic  Coast, — The  glacial  markings  on  the  metamorphie 
rocks  of  Vancouver  Island  are  better  displayed  than  I  have  elsewhere 
seen  them.  Evoiy  surface  near  Victoria  that  ia  either  natunllT 
exposed,  or  from  which  the  soil  has  been  removed,  exhibits  deep 
parallel  furrows,  generally  ^ith  a  N.E.  trend.  They  are  also  secnoa 
the  main  land  at  the  entrance  to  Puget  Sound  quite  as  distinctlr. 
Erratics  are  distributed  all  along  ^he  Pacific  coast,  at  least  as  fiir 
south  as  latitude  46°  N.,  where  they  occur,  but  not  very  plentifnDji 
near  Vancouver  and  in  the  valley  of  the  Willamette.  Theyiw 
often  of  great  size,  and  on  Vancouver  Island  are  composed  of  a  gnj 

given  to  these  doposita  by  the  shore-line-action  of  lakes  which  formerly  ocvapied 
the  irregulan'ties  of  the  surface  of  the  country ;  but  we  can  hardly  fiippote  (W 
the  material  itself,  consisting  of  smoothly  worn  fregmenti  of  the  hardeit  rodBt 
could  liave  been  entirely  the  result  of  the  feeble  orosive  agendei  that  meh  bko 
exercise. 
•  Proc.  Acad,  Nat.  Sci.  I808,  p.  10, 
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J  which  Mr.  Bauerman  told  me  occurs  in  the  Cascade  llange. 
in  the  woods  to  the  south  of  Frascr  River  I  saw  solitary 
■8  6  or  8  feet  high,  resting  apparently  on  the  shingle-terraces 
here  are  only  100  to  200  feet  ahove  the  sea.  Certainly  at 
urth  Plain,  five  miles  from  Fort  Vancouver,  there  are  several 
locks,  though  not  of  the  above  size,  that  do  rest  on  the  gravel- 
which  skirts  the  valley  of  the  Columbia  River.  On  most  of 
ands  in  the  San  Juan  Archipelago,  and  along  the  coast  of 
Sound,  high  sections  of  yellow  sand  and  clay  are  exposed, 
g  the  sea-shore.  The  terraces  are  there  further  inland, 
this  drift  Mr.  Bauerman  procured  casts  of  Cardium  and 
va. 

\  never  observed  drift  or  boulders  within  the  Cascade  Range, 
1  places  elevated  only  600  to  700  feet  above  the  sea,  but  as 
superficial  deposits  in  the  great  trough  between  that  range 
le  Rocky  Mountains  are  clearly  formed  from  the  rearranged 
als  of  the  shingle-terraces  along  with  tufas  from  the  Cascade 
,  I  conclude  that  the  average  lowest  altitude  of  the  Cascade 
,  which  is  somewhere  about  4000  feet  above  the  sea  at  the 
t  time,  exceeded  the  depression  of  the  continent  during  the 
epoch,  and  presented  a  barrier  to  the  causes  which  transported 
ratios  and  scratched  the  rock-surfaces  along  the  Pacific  coast. 
Cascade  Range  at  that  time  formed  a  promontory  enclosing  a 
ke  the  Gulf  of  California,  it  would  exactly  fulfil  these  condi- 

TEaXIARIES. 

existence  of  Tertiary*  strata,  ascertained  to  be  so  by  their 
c  remains,  has  only  been  proved  at  one  point  west  from 
jrpr^  Hills,  where  Mr.  Sullivan  obtained  0.^rea  Vel^ana, 
ited  with  a  Modiola  and  a  few  other  fossils,  which  Mr. 
dgo,  who  has  named  all  the  Cretaceous  and  Tertiary  fossils 
it  home,  has  been  unable  to  identify.  The  beds  from  which 
ibssils  were  obtained  consisted  of  friable  sandstones  with  argil- 
i  and  calcareous  concretions,  with  massive  and  irregular  bedding, 
xjn  passing  into  incoherent  pebble-conglomerate.  Judging  alone 
oineralogical  resemblance,  these  beds  were  recognized  over  a 
f?rable  area,  but  always  forming  high  grounds  in  the  neighbour- 
f  the  Missouri  Coteau,  S.E.  from  the  mouth  of  Belly  River, 
the  Souri  River,  seven  miles  north  of  the  boundary-line,  in 
ide  104°,  was  observed  what  is  perhaps  a  portion  of  the 
iri  Tertiary  lignite-basin.  This  locality,  which  is  known  to 
If-breeds  as  "  La  Roche  Percdc,"  is  well  up  the  eastern  slope 
Missouri  Coteau,  and  within  a  degree  of  latitude  of  that  river 
at  a  point  whore  the  existence  of  the  lignite  of  Tertiary  ago 
en  well  ascertained. 

Souri  River  at  this  point  flows  through  a  valley  with  steep 
iepressed  165  feet  below  the  surface  of  the  plain,  which  at  tliis 

ifig  tho  term  in  its  limited  signification,  as  including  Eoccno,  Miocene, 
oocne. 
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place  is  quite  level,  and  stre^oi  with  an  immense  profiisioii  of 
boulders,  being  at  the  base  of  the  Third  great  Prairie-leveL  The 
sides  of  this  valley  are  cut  by  numerous  ravines,  which  only  extend 
a  short  way  back  into  the  prairie,  and  exhibit  sections  of  the 
following  strata  (see  fig.  4) : — 

Fig.  4. — Lii  liochc  Percee^  in  the  VaV^  of  (he  Sotiri  River:  aseelm 
of  the  Tertiary  Lignite  Group, 


a.  Drift  h.  8pliutery  limestone.  c.  Clay  with  lignite. 

d.  Coanc-grained  sandstone.  e*  Concretionary  sand^one. 


a. 


Drift  with  boulders    4  to  7  feet 

h.   Mud-stone    1  foot- 

c.    Incoherent  sandstone,  fine-grained,  with  hard  con- 
cretions impregnated  with  iron,  which  weather 

concontrieally 10  feet. 

d  Porous  calcareous  sinter    1   foo^' 

e  Hard   blue  ironstone-shale,  decomposing  into   deep 

orange-coloured  splinters 2 J  feet* 

/  Gritty  limestone 2     ,y 

g  Ash -coloured  clay  in  thin  indistinct  layers,  very  soft, 

with  one  bed  of  lignite  9  inches  in  thickness  . .     8     ,, 
h  Hard  blue  limestone 
i   Same  as  g,  but  with  thin  seams  of  lignite  10,  8,  and 

0  inches  in  thickness 15     ,f 

A'.  Gritty  limestone    2     ,« 

Z.  Brightly  coloured  marls  and  shales,  with  selenite  in 

smtdl  fragments 10     ,y 

in.  Coarse-grained,  incoherent  sandstone  more  than 20     » 

Excepting  a  few  fragments  of  plant-impressions,  like  stems  of 
sedges,  no  fossils  were  obtained  from  these  beds  by  which  the  i^ 
could  be  identified.  They  may  perhaps  be  passage-beds,  represcntiof 
the  highest  strata  of  the  Cretaceous  era,  overlain  by  the  lignite-buiii; 
as  further  south  they  are  so  disposed,  and  with  very  similar  minod 
characters. 

Tlie  lignite  does  not  occur  in  well-defined  beds,  bat  graduates  inte 
the  shales  on  both  surfaces.  It  is  not  visible  until  a  light  ashy  depoitt 
is  removed  from  the  exposed  edge  of  the  bed,  which  has  been  Ibnnrf 
by  the  soft  clay  washing  down  from  the  strata  above.  The  Hgnitee 
are  of  several  different  varieties,  some  having  quite  the  teztnn  of 
compact  cannel-coal  of  fine  quality,  some  like  the  more  g^iatauig 
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LOOS  ooal,  friable,  and  only  to  be  obtained  in  small  cubical 
its,  while  some  of  it  can  hardly  be  distinguished  from 
1,  but  all  rarieties  have  a  deep  purple-brown  colour,  which 
seen  when  a  portion  is  reduced  to  powder.  A  sample  of  this 
bas  been  analysed  in  Br.  Percy's  laboratory,  at  the  Museum 
nyn  Street,  by  Mr.  Charles  Tookey,  with    the   following 

Carbon  56-50 

Hydrogen 3*65 

Oxygen 18-91 

Nitrogen    0-80 

Sulphur 0-60 

Ash     5-62 

Water  (hygroscopic) 13-92 

10000 

sandstone  which  forms  bed  t  is  composed  of  very  fine  pui*o 
if  quartz,  hardly  cohering ;  but  in  the  upper  parts  of  the  bed 
3cur  concretions  impregnated  with  clay  and  iron,  and  of  a 

hue,  that  are  comparatively  hard  and  decompose  concrc- 
.  This  irregular  dislntegratien  gives  rise  to  a  curious 
»n  of  the  banks  of  the  valley,  which  has  rendered  this  lo- 
1  object  of  great  superstition  among  the  Indians.  The  lower 
He  wears  away  from  under  the  hard  concretions,  that  assume 
n  of  compressed  spheres,  and  sometimes  long  cylinders  like 
ers  of  a  steam-engine,  which  are  left  supported  on  pillars  of 
te  sandstone.  The  gulleys  which  join  the  main  valley  are  thus 
ith  grotesque  forms,  sometimes  exactly  resembling  the  half- 
"emains  of  ruined  edifices.  The  sandstone  (m)  at  the  base  of 
:ion  is  also  very  incoherent,  but  is  composed  of  larger  grains 
;z.  The  strata  are  not  found  in  the  same  order  and  propor- 
oughout  the  valley,  but  yet  they  always  appear  to  be  hori- 

The  marly  shales  (lettered  T)  have  a  considerable  quantity 
dte  disseminated  as  small  crystals.     La  Eoche  Percee  is  in 

49°  6'  N.,  and  longitude  103°  54'  W. 

formation  has,  without  doubt,  been  much  more  extensive, 

overlain  the  Cretaceous  beds  as  far  north  and  east  as  the 
ndy  waste  where  the  track  of  the  Expedition  crossed  the 
iver  in  latitude  49°  30'  N.,  and  longitude  100°  20'  W.  At 
06  the  sand-hills^ rise  70  and  80  feet,  so  pure  and  so  feebly 
ly  the  few  plants  that  grow  on  their  surface  that  they  are 
tly  windblown.  Under  these,  and  cut  through  by  tlie  River 
ras  observed  a  lacustrine  deposit  in  which  one  bed  was  com- 
hoUy  of  roUed  fragments  of  lignite,  overlain  by  sandy  marls 
vel,  enclosing  fragments  of  bones  which  Professor  Huxley 
\  the  Bison ;  and  along  with  these  were  small  land-  and  fresh- 
lells.  This  deposit  has  been  found  in  one  of  the  lakes,  which 
ed  to  generally  as  of  Quaternary  age  when  describing  the 
ial  deposits  of  the  prairies.    The  origin  of  this  one  has  been 
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from  the  (lamming  back  of  the  water  by  the  Blue  Hills  of  the  Souri, 
which  are  comi)08cd  of  hard  Cretaceous  shales,  and  through  which  the 
river  of  that  name  escapes  to  join  the  Assineboine  by  a  nanx)w  and 
profound  chasm  which  it  has  gradually  cut  through  the  horiiontal 
stmt  a.  The  place  where  the  sand-liills  and  the  b(«d  of  lignite-pebbles 
is  foimd  lias  been  the  north  shore  of  the  lake,  wliich  must  have  been 
of  wry  considenible  extent. 

The  great  valley  of  the  South  Saskatchewan  where  it  is  hemmed 
in  closely  by  the  Ch-and  Coteau  at  its  elbow  opens  out  above  that 
point,  and  at  the  junction  of  Ked  Deer  lliver  and  Bow  Itiver  in 
hmgitude  109°  M'  W.,  latitude  oP  X.,  the  hills  retire  many  miloa 
from  the  river,  which,  however,  always  pre8i*r\-es  its  immodLiie 
])ank.s  of  from  200  to  250  fw:t  in  height.  The  pniiries  are  there 
again  covered  with  a  waste  of  blown  sand,  which  may  perhaj)«  have 
had  a  siiiiilai-  origui  from  Tertiaiy  or  Upper  CVotaceous  beds,  which 
have  bc*en  subjected  to  local  denudation.  The  same  iron-shot  hands 
containing  the  shells  of  land  Molluscs  and  Bison  bones  were  there 
obsen-ed,  but  without  any  traces  of  the  rolled  fragments  of  hgnite. 

Eiust  from  the  elbow  of  the  South  Saskatchewan  there  is  alho  a 
tract  of  sand-hilhi  with  quite  the  same  feature ;  but  there  I  obseni-d 
masses  of  sandstone  in  situ^  resembling  the  lowest  beds  at  Iji  Koche 
Percee.  On  the  opposite  site  of  the  Qu'appelle  Valley,  witliin  a  few 
miles  from  where  I  turned,  the  same  sandstone  occuw,  and  there  Mr. 
Hind  found  the  charact^iistic  fossils  of  the  Upper  Cretaceous  group 
(Kep.  Assineboine  and  Sask.  Exp.). 

On  the  North  Saskatchewan,  forty  miles  above  the  elbow  and 
a  little  way  above  \\l^  Eagle  Hills,  on  the  left  bank  of  the  river,  tbcn? 
are  cliffs  of  a  verj-  incoherent  sandstone,  rising  40  to  60  feet  abow 
the  water's  edge,  and  worn  into  caves,  which  often  communii-uto  with 
the  plain  above.  At  the  time  I  observed  the  sandstone,  I  took  it 
for  a  local  variety  in  the  drift.  If,  on  the  other  hand,  it  belong  to 
the  Tertian*  or  the  Upper  Cretaceous  group,  it  proves  them  to  haTc 
a  verj-  singular  distribution,  conforming  in  a  great  mea.suro  to  the 
present  river- valleys :  as  on  the  opi>osite  side  of  the  river,  at  a  littl« 
distance  back,  the  Middle  Cretaceous  group  riBe8  to  the  height  of 
several  hundred  feet. 

Eight  miles  l)elow  the  elbow  of  the  same  river,  near  Birch  Gullev, 
the  banks  rise  abnijitly  on  either  side  to  the  height  of  21 0  feet,  vhi 
the  level  plain  is  reached  at  the  point  where  the  great  erratic  inaiw^rf 
limestone  rest  on  its  surface.  At  the  base  of  the  bonk  from  ih» 
point,  all  the  way  down  to  Carlton,  a  distapcc  of  forty  miles,  Fpriogi 
of  water  escape  highly  charged  with  iron  and  lime,  which  depoat* 
light-yellow  ochixj.  At  the  above  locality  the  springs  wore  •een  to 
issue  from  beds  of  sandstone  and  conglomerate,  with  travertine  cos- 
taining  dicotyledonous  leaves. 

The  section  is  as  follows : — 

a.  Banks  of  valley  composed  of  Drift. 

Coarse  ferruginous  sand  ver}'  moist,  with  beds  of  bine-  and  taf* 
coloured  clay,  the  whole  having  roundctl  boulden  mtfi- 
larly  disi>ersc{L 
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i  20  feet  of  coarse  and  fine  sandstone  impregnated  with  lime, 
also  gravel  and  shingle,  and  bed  of  travertine  (c)  with  di- 
cotyledonous leaves. 
Ancient  valley-deposit  ? — or  underlying  the  Drift  ? 
L  Present  river-level  with  banks,  8  feet  high,  of  eilt  and  fine 
sand,  forming  the  ''  points  "  and  densely  wooded  islands 
in  the  channel, 
was  unable  to  determine  whether  these  beds  have  been  formed, 
the  silt-banks  of  the  river,  at  a  time  when  it  was  much  larger 
a  at  present,  or  whether  they  are  beds  cropping  out  from  beneath 
drift.     They  are  quite  consolidated,  but  this  may  have  resulted 
n  the  calcareous  nature  of  the  matrix. 

t  will  be  seen  that  the  observations  I  have  made  respecting  the 
ribution  of  the  Tertiaries  on  the  eastern  plains  are  very  disjointed 
I  unsatisfactory.  As  the  Cretaceous  strata  overhanging  the 
nnipeg  group  of  lakes  appear  to  dip  to  the  west,  again  to  rise  to 
»  Coteau  des  Prairies,  it  is  probable  that  the  trough  which  they 
LB  formed  was  occupied  by  Tertiaries  of  the  same  age  as  those  that 
'er  the  Cretaceous  strata  on  the  Upper  Missouri ;  but  that,  in  the 
mense  denudation  that  has  taken  place,  they  have  been  unable  to 
tlutand  the  erosion  so  well  as  the  tough  clays  that  underlie  them, 
i^ich  had  therefore  remained  as  a  shoal  further  out  to  sea,  while 
ng  the  shore  the  more  yielding  strata  were  being  rapidly  ground 
sni  under  the  combined  action  of  currents  and  stranded  ice. 
Although  it  is  probable  that  Tertiary  basins  occur  in  the  plains 
"tter  west,  especially  some  of  the  groups  that  jneld  lignite,  these 
J  be  afterwards  described  along  with  the  Cretaceous  strata,  as 
I*  is  an  absence  of  data  by  which  to  discriminate  them. 

CRETACEOrS  SYSTEM. 

Nearly  the  whole  of  the  great  area  of  prairie  country  from  the 
^m  axis  to  the  Rocky  Mountains  is  occupied  by  Crctacooua 
ta,  which  have  attained  an  enormous  development  throughout 
central  portion  of  the  North  American  continent. 
^e  classofication  of  these  strata,  as  they  occur  in  the  prairies  to 
Routh,  has  been  worked  out  during  the  last  six  years  by  ^lessi-s. 
ok  and  Hay  den  with  great  success,  and  the  results  have  been 
^lished  as  memoirs  in  the  *  Proceedings  of  the  Academy  of  Natural 
iences,  Philadelphia.'  The  Reports  of  the  various  Pacific  Railway 
ploring  expeditions  also  give  details  and  descriptions  of  the  fossil 
mains  which  have  been  found  in  this  group. 
Messrs.  Meek  and  Hayden  divide  the  Cretaceous  System  of  the  Upper 
issouri  into  five  groups ;  but  my  observations  were  not  sufficiently 
tended  to  warrant  my  referring  the  diflerent  Saskatchewan  strata 
these  without  much  doubt,  more  especially  as  1  had  not  the 
lefit  of  their  valuable  reports,  which  were  published  while  I 
8  engaged  in  the  exploration.  In  the  following  vertical  section  I 
re  therefore  adopted  a  different  method  of  lettering,  only  indi- 
ing  the  probable  equivalents  of  their  section.     In  the  case,  how- 
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ever,  of  one  group  (E),  Mr*  Meek  haa  identified  the  itrata  fif 
foKsils  fiubmittod  to  him  hj  ilr*  Hind,  Tlie  group®  m  mj  md 
do  not  i)erhaps  truly  represent  succefl^ivc  x>eriodfli  in  time,  but  n\ 
indicate  the  different  conditions  that  exijstcd  in  the  geognjAi 
areaa  in  which  they  were  deposited, 

Verfii-al  tsevfton,  in  d^scewfin^  Order,  of  thi  CrtiOCi&Mi  B^tm^  I 
tUvthptd  in  Bfitlsh  Nort/i  Am^riea, 

Obflcrrcd  bj  m&d  <m  Bontii  Sm 

ohewAn  below  the  Elkm, 
JjDwer  part  of  ii£cu<m  «t  L*  E 

At  the  elbow  of  BmU  Rirtrf 
Forms  the  high  grountk  t\ii  ll»r 
hy  Jjomg  Or^k  tjtd  the  Bmsn  H 
Jtim  «t  the  Forced  On^m§ 

AMIlUsllOiTKi. 


F.  Aranaceoua    clnjft   and   saixd^tone^, 
frith   3i'nphifr»,  Kfitifiln^  Aeicuiat 
And  ollief  marine  MoUusta. 
N(j.  b  of  Meek  and  Hay  den, 

E.  Indurak'd  oliT^-wjloured  ahal^,  wiib 
bands  and  flssures  fillt?d  with  clny- 
iron^tone*  Lcda  Hindis  Of^reo 
higiilrri$,  B&alt^  of  Ctenoid  Fithc^ 
Annolidf- tubed,  and  Pknt-remaiD^. 
AX^  obscrred  bj  Hind,  Natk&r  Ammo' 

No.  4  of  Mwk  and  Hajden. 

D.  Durk- purple  and  brown   buiinat^d 

oIbjs,  with  ironf.tat]&-«eplariii,  and 
^nietimt^cry^taUof  eelenilo.  Bacti* 
/iVrt,  Intirermtiiis,  Fhohdom^a,  Car- 
dftifft^  Ei^fgj/ra,  jUtfortCf  fytktira, 
AmiiijaittffA, 
No.  3  of  Meek  and  Hajden. 

C,  Sandstone  oTprlnng  marly  clay*, 
bandit  with  tnin  seam*  of  iron- 
itone,  thin  beds  of  Hmd«toiiei»  atilT 
dark -bl  no  clay^  and  arenftoooti^ 
aha|o$i.  Ostrta  €^*rtt:t,  O.  vtiUcafa, 
O,  ammiifpfnrmU,  Cyfh^na,  jlfy- 
filtiJt,  Omlittm,  Ffntt^  NitHcOt  &i, 
Steins  find  roote  of  tiMdited  inK«> 

E.  Grrait     Hgnitc^gronp  *  ;     eaiiditonoe 

ooareo  and  friable,  or  argillaaeous 
&nd  c-oncretionarr,  iudiiraicdahalea, 
and  »Qtt  Lim^toneA*  ironatone- 
nndiJea.  btxls  ofligniti^  ^  lo  10  fet^ 
thitk  :  ft^linifii'd  woud,  Tihi/f^jt,  nnd 
pedge-like  Bt^nii  in  the  aand^tonM, 
No.  I  of  Mt^tfk  and  Ha^vderL 
Include*  the  Wi^alden  (?), ' 


A,  Otwn  mnditone  uid  oonglonwrak?  at 
baj*e  of  ligiiite-groap  at  Nanntmo, 
tufaceoua  eajnytotie-t^n^Tomerutie, 
mnoh  allctfrd,  and  contAinil^g 
IViffonia  Emort\  Oyfhrrea  j^o^ 
netisis^  Arta  (3  ip.),  Pmmfmhia, 
Em^i^ra   {2  sp.),    Osfrta   (*J  tp.), 

Jurusdaf 
•  It  ii  possible  that  the  Ugtifi^^lj^arin^  giwip  B, 


Vallej*  of  ,Ae*tn<?boinp  at  F«ri  B 
Elboir  of  8oitth  Saii^kaU-hewiB.  J 
Hilbt.  end  on  North  iiaeUtdk 
to  Fort  Piit  On  north  •tup 
Cypmft  MouutAixL  In  Ihe  fhil 
Georjjia,  on  Vancmin?r"»  Iilmd 
Nfljiaimo  Hirer,  Sdiapfinf  Ui 
and  at  VBld«e  Inlet,  bv  lC%. 

Battle  Bimf    BandH&kMC 
EiTer* 
(Not  obncrred  on  w«it  iid#tf 
Bock-y  Mountmin*.) 


Eed  De«T  Einv*  North  and  Sm 
Sa^karcbetvAn,  Athahaaoa,  aa4  f* 
bin  Ik  RiTt'i^  ^c  NanaitiW*  Ti 
foura'  lilandt  JBeib»|thiiei  1 
Burrard'a  Inkt,  Chdf  of  0«q 
&<^.  The  podlioa  of  thia  gioo} 
not  de«f If  mad«  out  to  tb^  Mrf 
the  Eocky  Mounlaiiii^  ia  thir  Mil 
at  the  M  ftiid  aeoood  ioea^iiwM 
Ao  far  a«  ii  known,  ^ontia^te 
The  tietb  Hi  Bnltlfi  Rlwn  Gdmo^ 
«Jid  LtmtT  RhI  JiMf  EiTer  ««** 
Upjitr  (.Vtaopou*  or  (Tm  t**™ 

Ftwwil  Point.  Dcpartuft?  Baj.K*"^ 
Nanuhno  in  \  auoourpf  InUnd 


•] 


BXCIOR — ^BOCXY  HOUNTAIKS,  ETC. 


413 


Doflcribod  as  oocurring  on  the  Mac- 
kenzie Riyer  by  Bichardson. 

Similar  Intuminous  shales  on  the 
North  Saskatchewan  and  on  the 
Athabasca  where  it  cuts  through  to 
outer  range  of  the  Bocky  Mountains. 
Containing  Ostrea  and  Cardium, 


iimmous  shales,  resting  on  lime- 
tone  and  covered  by  friable  sand- 
tooe.  The  shale  takes  fire  and 
nrns  spontaneously, 
e  limestone  contains  fossils  that  are 
ruras8ic(?). 

ram  Uiese  shales  perhaps  come  the 
two  species  of  Ammtmite$  described 
by  Hind.] 

'or  oomparison  with  the  foregoing  section  I  give  three  sections  of  the  Creta- 
•  beds  and  the  Tertiaries  immediately  overlying  them,  extracted  from  the 
9*ti  of  the  Mexican  Boundary-commission,  vol.  i.  p.  126  ei  passim,  where 
^digest  of  their  relations  is  given — ^prior,  however,  to  the  most  recent  of  the 
uthes  of  Meek  and  Hayden. 

First  Section  of  Eastern  States,    New  Jersey. 
Tin.  Upper  grocnsand  beds  (3rd). 
VII.  Coarse  and  fine  beachsand. 
^     YI.  Middle  greensand  beds  (2nd). 

V.  Quartzose  sand,  indurated  and  concretionary,  with  oxide  of  iron. 
I  Exogifra  cost^a,  Ostrea  larva,  Belemnitella,  Pecten. 

^        IT.  Lower  greensand  beds  (1st),  marly  clays. 
q  -^  Exogifra  costaia,  Ostrea  larva, 

3  Grtfphea,  Ostrea  vesicularis. 

3         in.  Dark-coloured  clays,  greensand  in  patches. 
Aninumites  Delawarensis,  A.  placenta, 
^  A.  Conradi,  Baculites  ovatus,  and  casts  of  Cardium. 

^his  position  should  be  Nos.  2  and  3  of  Mcok  &  Hayden. 

^-  of  ril.  Dark  clays  with  ybsmV  tooMf. 

^  H.  \  I.  Fire-  and  potter*B  clay,  fossil  leaves  and  wood. 

Second.  Section  of  Strata  on  Mexican  Frontier. 
Tertiaries  of  west  coast    Miocene, 

Tertiaries  east  of  the  mountains ;  sandstone,  sands,  and  conglomerates 
like  those  of  the  Mauvaises  Terros  in  Nebrasca. 
Icsareous  beds  witii  marine  Eocene  fossils  underlying  unoonformably  the 
^^eoeding  strata. 

^acgous. 

L  Arsillaoeous  beds.    Exogyra  costata, 

^.  Calcaroous  beds,  buff-  and  lead-coloured,  with  beds  of  white  limestone. 
Gryphea  Pitcheri,  Cardium  multistriatum,  Toxaster,  Hulectypus, 
Jjnmonites  Texanus,  Hipj^rites,  Nerinea,  Caprina,  Ac. 

^  Sandstones  of  various  colours  with  bods  of  clay. 

^'honiferota. 

Third.  Section  fro7n  the  Missouri  westward. 
Tertiary  indurated  clays,   sandstones,  conglomerate,  and  limestone, 
with  mammalian  and  chelonian  remains,  and  fresh- water  shells. 

lTrT'*Vir  Mr\^'  '^w^**'®o^  clays,  argillo-calcareous  sandstones.       80  feet. 
^~'  V*  *J  4.  Plastic  days,  concretionary  calcareous  sandstone. 
^^*^^ew  1  2r)0to300foct 

■er  Section.   ^ 

^     Uet^^      ^  "^^^  "  ^^  principal  fossil-bearing  bed  of  the  Upper  Missouri. 


kated  by  a  belt  of  days  like  C,  may  include  deposits  of  two  different    _ 
Doe  Upper  Cretaceous  or  Eocene,  like  the  beds  at  La  Boche  Percde,  and  the 
V  Cretaoeouit  in  the  position  assigned  to  it  in  the  section. 
^OL,  mi. — ^PABT  I.  2  ¥ 
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.     ,  ,.      .  ,  ;i.  Caliun'our*marl.  Otf/rriirrt7;yr*/ff, /woirrc'WK</.»r.-''..'.r..-'  •• 

-\-.!^  !:  '''  M-alr^nf  Fishes li.PUo  i:«»tV. 

-M.vi.T.  i  -J.  Clnwuth  few  fos?iU nmV 

N..-;.  1.  jV  1 1,  nt  1  J    ,s;.j,„]^t^^,j^,  „,^^j  ,,]ay  ^^th  fossil  wood i""!  f-^- 

•  Til.'  <li.iiiL'«'  Ir-'iii  1  n.  t4>  IV.  id  ahvavs  well  marked. 

••  /. ... ,  r,!'..  ■/ V  ^,. .  •  '.  „:i*l,  >/s,  which  is  tJic  same  M  I.fnujilis^  i»  the  eliarsvtorirt: 
j"n«i'  ..f  .\..-.  II.  M!:.l  1 11..  and  with  0>fna  cnpntfa  rangi^  to  Mexii>» 

*•  'r!-..-i*  \:x\U'v  -n>u]H  I'vi-rvwluTi^  re^jt  on  the  tKimlstone  and  clay  bwis  -No.l. 
wlii.-li  .in'  tl.'  •.Iii'M--ii-'  of  Si.  Mantm. 

"Witii  t]|.'  .  \.«'j.ti..ii  tif  two  hpeci««,  the  Cretacpoua  foMiU  of  tlieMtrxwi 
iVi'iiti*  r  aro  .li^iii'i-i  iV.'iii  those  of  the  Xew  JeweT  fieetion.  and  nearly  equjily*.' 
tVom  tli.»sf  .it"  NtO'r.j-*»a  :  wherea*  the  latter  or  >*ehra.<ca  t«eciion,  cxt«-niUi:;i  !>'V 
tli.'  M—.iiiri  \M-.{\^;lni-.  iia-*  many  fowils  in  common  with  those  4>f  New  J.!»} 
•mil  .V  alMH:;i.  It  i-s  tlu-n-fore  probable  that  the  Mexican  be<l*  repri-**'.:'  » 
<rt!rnut  «'p<H'h  in  tlic  ('n*taetv>ns  8erio«  from  tlnwt^  of  the  east  anil  north-»t>{. 
lli»\\<'\t  r.  In  MM  t!u'  Mtxit-an  Inmtier  no  sections  were  ohtained  to  ^how  mhrtlyr 
Mil."  ni-  inix'i'  trn.iu}>s  wore  n?presented." — Kep.  Mex.  Boundarynvnimirfi::'. 
^>'].  i.  ]..  iii»;.| 

(ir'^'ip  v.-  Ill  sj»o:ikinjj  of  the  Tertiarics,  I  have  montioiK-'l th* 
<.hly  I'la- .  ^  wlicrc  it  is  probable  that  the  route  of  the  ExiK-ditioa 
t.'iK  h«Ml  .-n  tlK  strata  of  this  group — viz.  at  the  height  of  land  of  the 
^^i'iipjM  ll«-  Kiv(  r  and  at  Lu  Koche  Percee,  where  the  lower  sandstone* 
ina\  iM'rlia]K  l.c  of  this  age. 

<//(M/y>  1^.-  \\\  n  fcrence  to  the  map,  it  will  ho  seen  that  the  first 
point  win  re  the  route  of  the  Exi)edition  passt'd  over  Cretaceous  strata, 
was  after  irainin.ir  tln'  groat  plain  of  which  Pembina  Mount  form^th'.' 
I  aslrni  limit,  at  Lon-,'  Uivcr, latitude  A{P  ^'  X.,  longitude  9^^ ;}5"W.. 
whi.  li  i.'^  a  tributary  of  Pembina  River.  flo\*-ing  northwards.  TTiis 
.stjvaui  tl.w.s  ilirou;rh  a  deep  valley  in  the  high  plateau  stwtrhin: 
batk  tmni  T.  niliina  Mount,  and  in  its  gulleys  are  exposed  Mtti-'r.? 
t.l  LM-.»uj»  1{.  li  is  a  compact  shale  of  light  greenish-drab  cc»lnur.n-^t 
orumin:::  in  (ontinuons  layers,  but  as  fragments  with  irwmil^ 
.  .•ii.lmidal  suri-no,  which  have  been  produced  by  the  desiccation  of 
NN  liat  won-  orii^inally  thin  layers  of  clay.  Sometimes  it  has  m^'K^^ 
A  shit  y  •  luiratlcr.  Among  these  beds  are  hard  luinds  and  nodular 
niasM  s  of  dark-l»rown  clay-ironstone,  and  jK^rpendicular  fissurpsaw 
.  ..mnn)!!,  \\hirh  arc  tilled  up  with  splintery  iron-shale.  .Uso small 
.  ..l.'uifd  Iu1m'>  iravf'rsc  the  strata  i)eq)endii*ularly  in  large  number 

Tin-  same  strata  were  observed  at  Forked  Creek,  where  a  deep 
-ullt  y  jnins  ih«*  valley  of  the  Assineboine  in  latitude  o^f^  6'  >'..  s^'^ 
l.MiL'itudi'  l^r  1^'  \V.,  and  these  two  places  are  both  on  a  line  of 
lii;j:li  hilly  ;;n»und.  which  strc^tches  in  a  north-west  direction,  n*^ 
d.'ul.t  m.irlvinu^  iho  outcrop  of  the  shales.  At  Long  River  thev dip 
:r«  iitly  t't  tin'  .s<.uth.  and  arc  cov€»red  by  6  feet  of  pure  white  sand. 
\  t  r\  incolni  riit  :  and  over  this  lies  the  Drift,  consisting  of  light-grPV 
.  al»  an  "US  «  arth.  At  Ft^rkcd  Creek  they  seemed  to  be  strictly  hori- 
zontal, ami  wrn-  covered  by  a  local  dritl  derived  from  the  subjacent 
])«m1s.  Mr.  Hind,  who  also  saw  the  l}eds  at  Forked  Creek  and  other 
1  »  ilii  i.s.  sul.niit  led  the  lassils  which  he  obtained  to  Messrs.  Meek  and 
llauli  11 ;  ami  th'\v  have  inferred  them  to  their  second  highest  group* 
lie  irivts  tin-  following  list  as  named  by  them*: — 
'*  Rc)>.  ^iXik.  Exploring  Expedition,  p.  180. 
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Anomia  Fleminffii  Natica  obliquata. 

InoooramaB  Ce^urenais.  ATcllana  ooncinna. 

Leda  Hindi.  Ammonites  (sp.  indet-.). 

Of  those  from  my  collection  has  been  detennined  the  Leda  Hindi ; 
rnd,  in  addition,  Ostrea  luguhrisy  scales  of  Ctenoid  Fishes,  Annelide- 
tabes  and  Plant-remains  were  also  found.  Traces  of  these  beds  were 
observed  to  the  south  of  the  Qu'appelle  Eiver,  and  also  on  the  North 
Saskatchewan  on  the  left  bank,  a  considerable  distance  above  the 
Bagle  Hills.  Mr.  Hind  also  observed  them  to  form  part  of  the  high 
96carpment  of  the  Buck  and  Hiding  Mountains  which  overhang  the 
lakes,  reaching  an  altitude  of  1000  feet ;  and  it  was  at  500  feet  from 
\}ie  summit  that  he  detected  these  strata. 

The  group  has  not  been  distinguished  from  the  next  on  the 
map  which  accompanies  this  paper ;  but,  from  the  more  resisting 
texture  of  these  shales,  it  is  probable  that  they  occupy  a  larger  area 
of  the  lower  plains  that  have  been  subjected  to  such  great  denudation 
fcfaan  any  other  group  of  strata. 

Group  D. — At  Fort  EUice  the  banks  of  the  Assincboine  are  240 
feet  high,  and  in  general  their  structure  is  obscured  by  vegetation, 
but  at  one  point  a  recent  slide  displayed  a  partial  section  of  the  bank. 
Fhe  upper  part  consisted  of  the  comminuted  fragments  of  the  last- 
lescribed  shale,  along  with  beds  of  pure  sand,  and  also  the  more  com- 
non  yellow  drift.  Close  to  the  water's  edge,  masses  of  strataof  tenacious 
ialcareous  clay  were  exposed,  of  a  dark-purple  colour,  but  presenting 
t  weathered  surface  decomposing  into  a  ferruginous  earth.  Along 
Rrith  these  strata  were  two  beds  of  soft  clay-ironstone  about  4  feet 
ipart ;  the  lower  one  half  a  foot  thick  and  rather  compact,  the  upper 
me  concretionary,  forming  thick  nodulated  masses,  the  surfaces  of 
irhieh  show  the  eone-in-cone  structure.  At  this  place  only  a  few 
fragments  of  the  nacreous  shell  of  Baculites  were  found,  but  suffi- 
nent,  along  with  the  mineral  resemblance,  to  identify  these  beds  with 
^up  D  in  the  vertieal  section.  At  the  elbow  of  the  South  Saskat- 
chewan, where  that  river  cuts  through  the  great  prairie-coteau,  the 
boulder-drift  is  seen  to  rest  on  strata  of  purple  day  (fig.  1,  p.  395), 
with  nodular  masses  of  ironstone,  having  veins  and  cavities  filled 
with  calc-spar.  These  Septaiia  are  in  great  numbers,  and,  when 
broken,  are  found  to  include  fragments  of  the  following  fossils : — 

Baculitea  oomprMsofl.  Cardium. 

Inooeramus  (/.  Creptii  oi  Boemer  Exogjra. 

and  Conrad).  Astiu^  Texana. 

Plioladomyaoocidentalis  (Af<7rfoM).  Cytherea. 

The  outcrop  of  these  Septaria-clays  has  a  clear  relation  to  the 
great  prairie-ridge  which  is  cut  through  by  the  South  Saskatchewan 
at  this  point,  and  continued  to  the  nortii-west  by  the  Eagle  and  other 
hois  to  near  Fort  Pitt,  where  it  hems  in  the  North  Saskatchewan  in 
Kke  manner,  the  banks  having  an  altitude  of  500  feet,  and  also  dis- 
playing sections  of  the  strata  with  the  same  fossils.  At  the  base  of 
the  Eagle  Hills,  and  wherever  they  prevail,  they  form  lofty  and 
minoos  banks,  the  strata  breaking  away  in  great  slices,  which  slide 
ftrwaid  saoceesiyely.    I  have  counted  as  many  as  thirteen  such  slides 
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ou  the  bank  of  the  river ;  the  oldest,  though  now  close  to  the  water- 
level,  still  bearing  part  of  the  original  prairie-surface,  with  the  same 
turf  that  once  grew  200  or  300  feet  above  its  present  position.  The 
result  of  tliis  is,  that  it  is  seldom  that  anything  can  be  leamt  of  the 
strata  which  form  the  ftill  thickness  of  the  river-banks,  the  more 
su^ierficial  beds  being  repeated  again  and  again  in  each  slip,  so  as  to 
give  a  ver}'  exaggerated  idea  of  their  development.  Above  the  elbow 
of  the  South  Saskatchewan  the  strata  are  very  dark,  and  contain  a 
large  quantity  of  selenite  in  radiating  crystals.  Portions  of  thoae 
soft  strata  have  been  formed  at  this  place,  by  the  action  of  tlic  weather 
and  of  the  river  on  their  base,  into  lofty  conical  mounds,  which 
present  a  most  extraordinary  appearance.  As  no  grass  has  time  to 
grow  on  them  from  the  constant  attrition  of  their  surface,  they  are 
perfectly  black,  and  their  outline  is  broken  into  terraces  b?  the 
succ^'ssive  lines  of  ironstone-concretions,  which  from  their  hoxdnea 
retain  the  soft  strata  underneath  them.  At  the  base  of  the  Cypres 
Mountldns,  where  these  hills  begin  to  rise  from  the  plains  that  lie 
between  them  and  the  South  Saskatchewan,  the  sides  of  the  ctwtoi 
are  formed  of  the  same  Septaria-clays,  with  fragments  of  Inoecramj 
and  presenting  the  usual  rugged  features.  This  locality  wonld  be 
very  favourable  for  the  study  of  the  whole  Cretaceous  group  and 
the  overlying  Tertiaries  which  form  the  summit  of  the  hi^  lands  d 
the  Missouri  Coteau,  were  it  not  so  dangerous  on  account  of  the 
different  hostile  Indians  that  move  about  in  strong  parties  through 
it.  The  Expedition  only  spent  a  very  few  days  at  this  interesting 
place,  as  it  was  here  that  we  broke  up  into  parties  to  explore  the 
Rocky  Mountains  in  1859.  From  the  few  observations  I  wasaUe 
to  make  however,  I  have  been  induced  to  carry  the  line  of  the« 
strata  from  the  elbow  of  the  south  branch  along  the  eoUau  to  the 
C}i)ro8  Mountains,  besides  their  outcrop  to  the  north-west,  along 
the  line  of  the  Eagle  Hills  to  Fort  Pitt.  In  the  prairies  this  and 
the  other  groups  of  the  Cretaceous  System  preserve  an  unaltered  eon- 
dition,  and  rarely  present  other  than  a  most  gentle  dip ;  but  close  to 
the  llocky  Mountains,  and  also  within  the  plications  of  the  older 
rocks  forming  that  chain,  altered  shales,  highly  charged  with  iron 
and  resting  on  sandstones,  were  observed,  which  at  the  time  1  wia 
inclined  to  consider  to  be  these  Septaria-clays,  as  the  concretions  had 
a  very  great  resemblance  to  those  of  this  group. 

Similar  beds  with  Inocerami  were  also  observed  at  Nanaimo  on 
Vancouver  Island,  but  I  shall  describe  the  whole  strata  at  that 
place  together,  and  for  the  present  confine  myself  to  the  developineot 
of  the  Cretaceous  System  in  the  Eastern  Prairies. 

Groiqy  C— A  very  large  proportion  of  the  higher  plains  to  the 
west  of  the  Eagle  Hill  Coteau  is  occupied  by  the  fourth  great  group 
of  the  Cretaceous  strata.  It  is  met  with  forming  the  banks  of  the 
lower  part  of  lied  Deer  Eiver,  near  where  the  Expedition  croswd  it 
during  the  last  summer's  explorations.  From  that  part  it  rises  t» 
the  westward,  until,  at  the  Hand  Hills,  the  sandstone  which  fooM 
its  npper  member  has  preserved  it  as  outliers,  having  abrupt  escarp- 
ments to  the  west.    By  \tB  matkod  lithologieal  character  it  ww  il* 
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I'eoognizcd  on  Bow  River  to  the  south  for  a  considerable  distance 

above  the  month  of  Belly  Biver,  and  also  yet  further  to  the  south- 

yest,  forming  the  high  broken  grounds  over  which  I  passed  on  my 

JOTuney  from  tho  (^r^  Mountains  to  the  Rocky  Mountains  in 

August  1859.    It  was  also  met  with  at  the  elbow  of  Battle  River, 

ttid  above  Fort  Pitt,  on  tho  North  Saskatchewan,  where  it  seems  to 

farm  the  banks  of  that  river  for  a  considerable  distance,  but  is 

Wanting  above  the  Snake  Portage,  until  it  reappears  again  at  the 

pyramids  about  100  miles  above  Fort  Edmonton.     Between  these 

points  it  probably  forms  the  high  grounds  back  from  the  river,  such 

«8  the  Beaver  Hills,  Bears'  Hill,  and  the  hills  round  St.  Ann's  to 

fewest  and  north  of  Edmonton.  I  offer  this  sketch,  however,  of  its 

<&8tribution  more  as  a  surmise  founded  on  the  physical  features  of 

^Q  coonti^,  than  from  actual  observations  of  its  relations  at  these 

^5^^oas  pomts. 

^Excepting  veiy  obscurely  below  the  Snake  Portage  on  the  North 
^■^^katchewan,  I  cannot  say  that  I  anywhere  observed  tho  relation 
?^  this  group  to  the  Baculite-dajrs  of  tho  preceding  division.  I 
*^^«»nded  thiat  river  on  the  ice,  travelling  with  dogs,  in  March  1858, 
^^^^  as  the  late  season  compelled  me  to  travel  a  great  deal  in  the 
^^jSht  I  missed  many  points  of  interest.     Its  relations  to  the  stitita 

^^^w  it  were  apparently  shown  on  Red  Deer  River. 
.  .^  At  this  place  the  group  is  found  to  form  the  broken  country  round 
r^Le  base  of  the  escarpment  of  tho  Hand  Hills,  which  probably  in 
^J^eir  full  altitude  include  several  of  the  members  of  the  Cretaceous 
^^^tem,  and  thereforo  merit  a  more  minute  description. 
>^^  These  hills  form  a  high  mass  of  table-land  a  few  miles  back  from 
^J^^  Deer  River,  presenting  an  abrupt  escarpment  to  every  quarter 
'^Ht  the  east,  in  which  direction  they  slope  off  gently  with  the  dip  of 
'^e  strata. 

Our  encampment  on  Juno  25th,  1859,  was  in  one  of  the  deep 
^yines  on  its  western  face,  375  feet  above  the  plains  below,  and  160 
feet  below  the  level  of  tho  plateau  above. 

In  the  upper  part  of  the  escarpment  facing  the  S.W.,  grey  coarse 
Sandstones  were  exposed,  which  had  a  considerable  dip  to  the  N.E. 
Ihe  bedding  of  these  was  hard  and  distinct,  and  they  were  seen  to 
^^est  upon  soft  incoherent  sandstone  underlain  by  light  sandy  clays  and 
Uno-day  shale  (see  section,  fig.  5) .  In  tho  clays  are  enclosed  angular 
maases  of  black  iron-shot  sandstone,  and  also  pebbles  of  quartz  and 
granite.    No  evidence  of  the  exact  position  of  these  strata  was  ob- 
tained ;  but,  although  they  were  somewhat  disturbed,  I  saw  no  reason 
to  doubt  that  they  are  a  superior  member  of  the  Cretaceous  series 
ovadying  tho  beds  next  to  be  mentioned,  which  are  of  the  group 
C.     Fig.  5  (p.  418)  gives  a  sketch  of  the  strata  of  the  hiUs  from  the 
valley  ci  Red  Deer  River  northwards ;  and  it  will  be  seen  that  there 
18  an  interval  of  soYcral  hundred  feet  between  tho  sandstones  and 
days  and  the  banded  days  of  group  C,  the  nature  of  which  was 
not  ascertained.    These  banded  clays,  which  occupy  a  narrow  tract 
of  country  round  tho  Hand  HiUs,  give  rise  to  large  white  mud- 
swamps,  which  we  found  at  the  season  of  our  visit  tu  be  nearly  diy. 
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and  presenting  a  very  rough  surface  from  the  floundenDg  of  the 
largo  herds  of  buffalc^  in  the  tough 
plastic  clay  bottom  as  they  had  been 
eagerly  striving  for  the  last  trace  of 
water.    These  clay  beds,  which  con- 
tain a  large  proportion  of  calcareous 
matter  and  are  often  "  bandea"  by 
thin  seams  of  soft  ironstone,  have  a 
white  chalky  aspect,  and  are  so  easily 
acti'd  on  by  the  weather  that  what  "^ 
wore  originally  guUeys  soon  expand  '^ 
into  wide  fiats  bounded  by  conical    * 
hilb,  with  bright    surfaces   marked    | 
regularly  at  every  few  inches  by  the 
pfliallel  streaks  of  ironstone,   wliich 
are  often   only   half  an  inch  thick. 
From  these  swampy  flats,  that  serve 
as  reservoirs  for  the  water  which  de- 
scends from  the  hills  in  spring,  the  !l^ 

streams  have  worn  deep  ravines  which  ^ 
join  the  valley  of  Red  Deer  River.    At   "** 

the  commencement  of  one  of  these,  ^ 

or  near  the  base  of  the  group  C,  the  g 

"  banded  clays"  were  seen  to  rest  on  |j 

red   iron-clay   shales  in   thin  beds,    | 

underneath  which  is  a  bed  of  rotten  lnj 

limestone  of  a  buff  colour,  which  again  ^ 

rests  on  a  bed  of  shell-conglomerate,    *** 

principally  composed  of  fragments  of  *; 

Ostrea  CKn-Ux  aggregated  into  a  solid    | 

rock  with  many  complete  specimens  of  P^ 

the  same  sheU.     Mr.  Etheridge  has    h 

identified  this  shell,  which  is  a  spe-   ^ 

cies  described  by  Conrad  in  the  Mex-  '^ 

iean  Boundary  Commission   Reports  ^ 

(p.  157).     Together  with  Ostrea  frnd-  ^ 

tilirata  it  was  found  at  Dry  Greek,    "^ 

Mexico;    and,   in    describing   them,    I 

Conrad  says  that  he  knows  no  species  '^ 

like  them  in  the  Cretaceous  System,  J 

and  that    probably  they   belong   to   ^ 

strata  of  still  earlier  date.     However, 

at  another  locality,  near  the  HandHillB, 

I  again  found  Ostrea  cortex,  and  along 

with   it   0.  vellicata    and     Cytherea 

Texana;  and  these    are  undoubted 

Cretaceous  shells  of  Mexico.    Prom 

between  El  Passo  and  Pontera,  which 

seem  to  be  places  within  a  few  miles  of  each  other,  fli  IbDoiriif 

list  of  fo8«ls  is  quotftdm  t]bft  It^xkan  Boondaiy  Beport--0.  •*• 
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eaia,  Cytherea  Texana,  Exogyra  (2  sp.),  Trigonia  Emori,  Area,  and 
Nodosaria^ — thus  including  both  fossils  found  in  the  neighbourhood 
of  the  lignite  on  Red  Deer  EiTer,  and  also  some  that  were  found  along 
with  that  of  Vancouver  Island. 

On  Battle  River,  in  latitude  52°  17',  the  banded  clays  were  also 
observed  with  the  same  features  and  with  the  same  fossiLs.  Prom 
that  river  to  Red  Deer  River  they  appear  to  form  the  surface  of  the 
country,  as  every  shallow  ravine  shows  slides  of  the  white  chalky  beds, 
and  the  white  mud-swamps  are  very  common.  At  the  <*  elbow"  of 
Battle  River,  the  strata  have  a  slight  easterly  dip ;  and  in  the  upper 
part  of  the  bank  were  obtained  in  a  concretionary  sandstone  Avicula, 
Cardium,  Cytherea,  and  Baculites  compressus. 

A  little  lugher  up  the  river,  and  towards  the  base  of  the  bank, 
Ostrea  cortex  was  found,  as  on  Red  Deer  River.  Por  fifteen  miles  above 
tMs  point  the  valley  is  cut  through  these  strata ;  and  then  the  banded 
days  are  seen  to  form  the  higher  portion  of  the  banks,  still  with 
rolled  fragments  of  Ostrea  at  their  base  in  some  places,  and  resting 
on  strata  containing  silicified  wood,  which  form  the  lower  part  of  the 
bank,  while  in  the  bottom  of  the  valley  the  true  lignite  appears. 

Group  B. — In  my  next  and  lowest  group  I  have  (with  great 
hesitation)  classed  the  large  deposits  of  coal  or  lignite,  of  the  Prairie- 
country,  that  are  sufficiently  compact  to  be  of  value  as  fuel,  but 
which  have  hitherto  been  generally  classed  as  of  Tertiary  age. 

However  in  all  the  sections  which  have  been  given  of  the  Creta- 
ceous System  in  the  United  States,  it  will  be  observed  that  the  lowest 
beds  are  always  described  as  sandstones  containing  fragments  of  fossil 
wood.  Further,  Dr.  Hayden  has  pointed  out  that,  at  the  base  of  his 
Lowest  Cretaceous  group  fresh- water  beds  occur,  in  which  the  shells 
are  more  nearly  alb'ed  to  Tertiary  forms,  and  that  the  vertebrate  re- 
mains, of  which  only  a  few  bones  have  been  obtained,  are  considered  by 
Dr.  Leidy  to  belong  to  an  equivalent  of  the  Wealden  period  in  Europe. 
In  the  same  horizon  has  also  been  found  angiospermous  leaves,  such 
as  Quercus,  Salix,  &o.  At  the  same  time  he  remarks  that  the  fossils 
from  the  Judith  River  beds  of  the  supposed  Wealden  age  cannot  be 
distinguished  in  many  instances  from  those  of  the  great  lignite-basin, 
which  he  knows  to  be  Tertiary  beyond  doubt,  mentioning  as  instances 
an  Ostrea  and  a  Trionyx  that  were  considered  common  to  the  two 
formations.  It  may  therefore  be  justly  concluded  that  this  question 
is  one  of  great  nicety  and  doubt,  which  will  only  be  slowly  cleared 
up  as  those  vast  territories  become  explored.  Nevertheless,  we  are 
l^  these  observations  prepared  to  consider  as  possible  at  least  the 
existence  of  a  coal-beiuing  formation  at  the  base  of  the  Cretaceous 
System,  even  Uiough  developed  to  an  extent  not  hitherto  recognized*. 
In  his  description  of  the  lignite-formation  on  the  Mackenzie  River, 

*  Since  writing  the  above,  I  haye  seen  a  paper  by  Dr.  Hayden,  published  in 
18^,  and  before  the  only  other  memoir  of  lus  that  I  had  access  to,  in  which  he 
anggeata  that  hia  Lowest  Cretaceous  group  may  be  only  an  extension  of  the  lig- 
nite-group which  extends  fk>m  the  Arctic  Ocean,  but  wliieh,  'ike  that  group  at 
Judith,  may  be  mixed  up  with  Tertiary  strata,  also  containing  lignite. — I^roc 
Acad.  Kat  ScL  May,  1851  p.  116. 


show  thiit  tlie  tstrala  arr  probabh 
lie  (>))si'rvcs  that  "  al  ihc  rjimi»ar 
of  sandstone  with  broken  strutitica 
Dunvegan  the  river  is  doprcsscHl  0( 
great  quantities  of  cn-stols  of  snlj 
upi)cr  strata,  while  actual  cool  oc 
above  the  fort  on  ono  of  the  sma 
raation  has  also  been  remarked  < 
Peace  River ;  and  I  have  tracecl  i 
KiverH,  and  on  Pembina  River,  all 
proving  the  range  of  this  formatic 
2300  feet  above  the  sea,  ond  yet  p 
characters,  and  showing  no  evidc 
beyond  the  gentle  uplift  which  has 

I  shall  now  describe  this  fonnati< 
]>art8  of  the  eountrj'  explored,  oomm 
wan.  The  lowest  point  on  that  ri 
obscn'ed,  was  about  two  miles  bclo 
bed  of  it  was  seen  dipping  gently  o 
to  the  N.E.  I  have  reason  to  belies 
occur  further  down  the  river  for  a  c 

At  Fort  Edmonton  the  flanks  of 
250  feet  high,  and  at  most  places  dei 
back  from  tiiis  valley,  on  either  side, 
200  to  300  feet  above  a  willow-co 
OS  I  could  leom,  of  the  white  marl; 
country  in  this  neighbourhood  is  mu( 
and  by  small  copse-wood.  The  ri^ 
through  which  the  river  winds  in  a 
wherever  this  present  channel  swee] 
bonks,  sections  are  displayed,  disclc 
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*  of  water  in  its  composition,  as,  although  generally  compact,  like 
ibitnminous  coal,  when  first  excavated,  it  soon  splits  np  into  frag- 
ats  which  have  dull  earthy  surfaces.  There  is  a  great  differenco  in 
!  quality  of  this  lignite  or  coal,  according  to  the  hed  from  which  it  has 
m  procured,  and  also  the  distance  from  the  outcrop  to  which  the 
m  has  heen  worked.  There  are  no  sinkings  of  any  sort  into  any 
the  seams,  the  manner  of  procuring  the  small  supply  which  is 
[uired  for  use  at  the  fort  heing  for  the  hlacksmith  to  go  down  to 
» river-hank  with  a  pick,  and  procure  a  few  hasketfuls  where  he 
1  most  easily  get  access  to  the  material. 

The  fort  stands  ahout  100  feet  ahovo  the  water-level,  and  helow 
n  the  hank  there  are  two  seams  of  18  inches  each,  hut  on  the 
>08ite  side  of  the  river,  at  a  little  distance  helow,  there  are  several 
ms  exposed,  the  principal  of  which,  close  to  the  water's  edge,  is 
•Bet  in  thickness ;  and  there  is  one  a  little  way  higher  where  it  is 
^t,  with  others  less  pure  (sec  fig.  6). 

fig.  6. — Section  of  the  Eight  Bank  of  the  Saskatchewan  River 
near  Fort  Edmonton. 


'fi^^^'t  Superficial  sand  and  graxcl. 

Grey  sandy  clay. 
Lignite,  1  foot. 

Shale. 
Lignite,  3  feet. 

Clay-sandstone. 
Lignite,  very  pure,  3  feet. 

Concretionary  greensand. 

Lignite,  pure  and  compact,  6 
feet  thick,  with  an  interca- 
lated band  of  soap-clay,  0 
inches  thick. 

O  the  middle  of  the  6-foot  seam  there  occurs  a  layer,  5  to  8  inches 
Ic,  of  magnesian  steatitic  clay,  which  works  up  into  a  lather  like 
>,  and  is  used  hy  the  women  at  the  fort  for  washing  hlankets. 
^  sample  from  the  6-foot  seam  has  hccn  analysed,  at  the  same 
e  with  the  Lignite  from  La  Roche  Percee  (see  p.  409) :  Mr. 
►key's  results  are  as  follows : — 

Carbon 50-60 

Hydrogen 3-24 

Nitrogen   0-90 

Oxygen 14-41 

Sulphur 0-42 

Ash   15-93 

Water  (hygroscopic) 14-50 

100.00 
Fhe  colour  of  the  ash  in  each  case  was  buff.  When  heated  in  a  close 
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veeaelj  neither  of  the  iignitos  pdded  a  cobereni  cokotthei 
retainjng  as  ncarlj  m  poasiblo  tlio  shajn?  and  bulk  of  tilt  I 
partidDs,  Tho  gas  wtiich  wa^  expelled  during  the  procoiip< 
but  feeble  iDuminatuig  powers.  Both  sample®  contaia  »  bip  pi^ 
oentage  of  water  that  can  be  expdled  vith  a  temperaUli^  of  lO^C. 
This  appears  to  be  a  cbou^ctcristio  feature  m  the  oompositko  of 
lignites," 

The  graYcl-  and  shingle-deposits  ftrc  seen  to  reit  on  tb«  tlite^F 
of  tho  cod-benring  b<?ds>  and  are  therefore  ol  more  reomi  die. 
They  contain  fragments  of  the  nodnlee  derived  Iroai  the  wideiljfiif 
strata,  along  with  pebbles  of  qnarti  and  other  n>cks,  that  muAt  biTf 
been  derived  from  eisewben^  Also  hutge  fragments  of  eiliriEi^  wt^xi 
lire  found  in  the  subsoil  at  Edmonton,  the  same  as  thai  !bujj4  ui 
the  upper  port  of  tha  lignite-group  on  Bed  Deer  BiTier,  w  inll  b» 
descritied. 

At  the  bend  of  the  river  below  the  fort,  and  on  the  samd  wfe 
the  bank  looks  as  if  broken  tiles  had  been  strewn  over  it.  Tliis 
iirises  from  the  coal  having  at  one  time  been  coniplctelj-  buret  My 
only  being  i-ejiresented  now  by  a  thin  layer  of  asb^  whilt  from  ih^ 
baked  cluys  above  and  below  the  red  tile-likii^  materiid  Li*  becfi 
derived.  Amongst  these  fragments  1  obtained  impn^ssion*  at  ^ 
aanie  Yew-like  leaf  that  Sir  Jolm  Rtebardson  found  in  the  k^U  *t  tb* 
Mackenzie  Itivcr  under  similar  circumstances,  but  along  with  (iuv- 
tvledonous  leaves,  of  which  I  however  found  no  traoe^  | 

Por  ninety  miles  up  to  tho  North  Haakatchewan,  aboT^  Fort  EibaSB^  i 
ton,  the  grey  arenaceous  days  prevail,  forming  the  bauk^  of  tbcriw, 
which  are  high  and  preeipitous,  the  valley  for  that  distanc^^mnlciiif  ^  j 
succession  of  abrupt  benii  after  every  few  milea  of  a  stmigbl  i 
its  main  direction  being  to  tho  north. 

The  secondary  banks  are  also  gradually  lost,  until  at  liSigtb.]  fr» 
tl;e  valley  narrowing,  the  river  occupies  its  full  width.  Atov  tii 
point,  however,  the  valley  suddenly  widenii  and  pr^Merfet  on  ^ 
whole  a  straight  course  from  the  west,  indepcndeiLt  of  the  wlnilBP^ 
the  river  itiself,  which  baa  a  very  tortuous  eouim  heiw^tm  mmAtf 
banks,  crossing  from  dde  to  side  of  the  great  valley  ixnind  hmij 
timbered  flats.  Where  the  ri  vor  sweeps  under  the  high  himki.  m^^if^ 
about  200  feet  high  are  ex]joBed  of  white  variegaU^d  murh,  vfWt^m 
cut  in  the  most  re^dar  manner  by  gulleys  into  pyramids,  with  t  ms^ 
artificial  appearance  as  Been  from  tho  river,  their  bri^t  olmUtv  «ff- 
faces  being  thrown  into  strong  relief  by  the  dark-grecrn  pm**  ^ 
clothe  tho  ravines,  Hiese  marls  have  much  tbo  look  of  liuvc  ^ 
group  C. 

Fifteen  miles  below  the  mouth  of  Brazeaus  River,  wMdi  h  a  ^^ 
tributary  to  the  North  Saskatchewan  from  the  wcatj  w©  f^pilft  c*** 
with  the  lignite-hearing  arenaceous  strata,  and  Irom  tlui^obit  tk^ 
were  txaccd  nmnterruptedly  to  the  base  of  the  mouittaiBfi*  ih*  ton** 
tion  now  prcflcnts  very  different  characters  firom  those  at  EdmiB**' 
having  more  the  appearance  of  a  shore-deposit.  Tbtb  vrnmoi  mx^ 
eiUun  is  very  varied,  and  large  deposits  of  eondstono  oooor,  1l%ii^^ 
fine-  or  coarse-grained,  but  nevea-  make«any  approaeli  to  tc 
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ate.  At  iho  Rocky  Mouutain  House,  in  latitude  52^  21'  N.,  longi- 
nde  115^  10'  W.,  where  1  had  the  best  opportunity  of  examining  this 
ormatiany  I  divided  it  into  three  groups,  judging  from  the  mineral 
»mposition  alone ;  as  they  were  found  to  pass  from  one  to  the  other 
dthout  superposition,  just  as  wo  might  expect  to  find  in  a  shallow 
agoon-deposit. 

lat.  Coarse-grained  sandstone,  composed  of  angular  grains  of 
jnartz  cemented  by  calcareous  matter,  present  in  small  quantity. 
rhia  sandstone  forms  bold  perpendicular  difPs,  often  150  feet  in  height, 
md  hemming  in  the  river  on  both  sides.  It  resembles  the  descrip- 
tions given  of  the  sandstone  of  the  **  ramparts''  on  the  Mackenzie  and 
Peace  Bivers ;  and  indeed  on  all  the  rivers  this  formation  may  be 
traced  by  this  marked  feature  as  far  south  as  the  Missouri  at  least,  as 
a  drawing  of  the  fiEills  on  that  river  (given  in  Pac.  Bail.  Rep.)  exactly 
resembles  these  sandstone  chffs. 

The  2nd  group  consLsts  of  beds  of  green  argillaceous  sandstone, 
which,  as  it  weathers  easily,  always  gives  rise  to  sloping  banks, 
from  which  proti-ude  concretionary  masses.  These  beds  are  gene- 
rally horizontal,  but  sometimes  present  a  rapid  dip  towards  the 
edges  of  basins  in  the  last  group  in  which  they  seem  to  have  been 
deposited.  They  are,  however,  often  overlain  by  the  hard-bedded 
sandstone. 

The  3rd  group  more  resembles  in  its  mineral  characters  than  the 
other  two  the  beds  at  Edmonton,  consisting  of  alternations  of  clay- 
shale  and  argillaceous  sandstone  in  irregular  beds,  and  including 
deposits  of  coal  or  lignite.  The  shales,  which  are  often  very  hard  and 
compact,  contain  fragments  of  the  Yew-like  frond,  and  also  stems  of 
plants  like  sedges. 

Fig.  7  (p.  424)  is  an  attempt  to  combine  the  different  sections  that 
were  observed  at  the  Mountain  Fort.  The  irr^ularity  in  the  mineral 
composition  is  well  shown  about  five  miles  above  that  place,  where  in  a 
very  short  distance  beds  of  clay  and  soft  green  sandstone  are  suddenly 
replaced  by  diffis  of  grey  and  yellow  sandstone  with  hcav}'  bedding*. 

*  The  features  of  the  strata  at  the  Mountain  House  are  very  similar  to  the 
dncription  given  of  the  Lower  Cretaceous  groups  at  Searpent's  Bluff  on  the  Mis- 
souri by  Meek  and  Hajden,  where  the  following  section  is  described : — 

**  1.  Dark-coloured  clay  with  sandstone  seams 6  feet. 

2.  light-yellow  clay  passing  into  grej  sandstone    .....  5      „ 

3.  Dark  clay  with  fragments  of  carbonized  wood    .    .    .    .  1|    „ 

4.  Ghrey  indurated  clay  or  marl  with  wood 4      „ 

5.  Dark  seam  like  No.  3 8  inches. 

6.  CaaylikeNo.4. 3  feet. 

7.  Qrey  sandstone  (carbonized  wood) 2      „ 

8.  Very  dark-grej  clay,  sometimes  black,  with  organic  matter 

in  the  lower  part,  and  crystals  of  selenite 10      „ 

9.  Ghrey  clay,  carbonized  wood  and  hard  concretions  ...  30      „ 

10.  Qrey  sandstone  with  wood 2      „ 

11.  Gre^  clay,  with  wedee-shaped  masses  of  hard  bituminous 

lignite  or  coal  and  round  lumps  of  sulphuret  of  iron, 
to  the  riyer-leyel "  . 

It  ia  mentioned  that  the  beds  thin  out  in  many  directions,  and  that  some  in- 
to a  great  thickness  in  a  few  hundred  yards. 

(Mexican  Boundary  Bep.  vol.  i.  p.  136.) 
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Afl  developed  at  the  Mountain  House,  this  formation,  whatever 
its  exact  age,  may  be  described  as  con- 
sisting: of  sand  and  clay  in  varjanf?  pro- 
portions— ^great  ridges  of  pure  sand- 
stone, including  basins  in  which  have 
been  deposited  clays  and  clay-sand- 
stones charged  with  coal  and  ironstone 
in  large  quantities.  l 

On  the  Athabasca  River,  the  valley  ^ 
from  Fort  Assineboine  in  latitude  ^ 
64°  50'  up  to  the  outer  range  of  the 
mountains  at  Deadraan's  llapid,  cuts 
through  argillaceous  sandstones,  ^dth 
beds  of  clay  and  coal  of  the  same  kind 
as  those  at  the  Moimtain  House.  The 
sandstones  are  in  much  greater  propor- 
tion however,  and  the  lignite-beds  are 
more  rarely  seen,  than  in  the  sections 
along  the  North  Saskatchewan.  At 
Deadman's  Bapid  these  strata  arc  suc- 
ceeded by  grits  and  day-shales  in 
regular  beds,  undisturbed  at  first,  but, 
on  approaching  the  mountains,  found 
to  be  implicated  in  the  late  upheavals. 

On  Bed  Deer  River  the  lignite- 
formation  was  observed  at  various 
points,  the  lowest  being  at  the  Hand 
Hills,  which  have  already  been  alluded 
to  in  speaking  of  the  "  banded  clays." 
By  again  referring  to  fig.  5  (p.  418),  it 
will  be  seen  that  a  flat  plain  extends 
back  from  the  summit  of  the  river- 
valley  towards  the  base  of  the  IuIIb 
where  the  white  mud -swamps  are  situ- 
ated, but  which  is  cut  up  by  great 
ravines,  which  gradually  deepen  as 
they  approach  the  river.  The  river-  |'  | 
valley  itself  is  half  a  mile  wide,  and  *«  *^ 
270  feet  deep. 

At  the  commencement  of  one  of  the 
ravines,  about  three  miles  back  from 
the  river,  were  found  the  fossils  before 
mentioned  (Osirea  corteje);  and  in 
another,  at  only  a  quarter  of  a  mile  ^ 
back  from  the  river- valley,  that  fossil  K 
was  again  found  in  the  highest  part  of 
the  bank,  along  with  Cyif^rea  Texana, 
showing  that  tiioso  beds  must  form  the  surface  of  the  level  flat  At 
the  mouth  of  the  same  ravine  (Shell  Creek),  the  foUowing  soctkw 
were  observed  in  the  ))ank  of  tlio  volley  of  Bed  Deer  Birer,  the  be* 
being  to  all  appearance  \iomQiiiWL; — 
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a.  Buff,  unstratifiedy  earthy  clay. — 12  feet. 

6.  Ash-grey  and  cream-coloured  sandy  clays  in  bonds  with  thin 

seams  of  day-ironstone  and  carbonaceous  layers  (<<Band- 

ed  clays"). 
Throughout  this  bed  are  angular  pebbles  of  ironstone  which 

look  like  fragments  of  septaria. — 30  feet. 

f.  Seam  of  pure  lignite  ("  cuboidal  lignite  ")— 3  feet. 

(L  "  Bond^  days"  very  sandy  in  some  places.  In  other  places 
the  coal  has  been  burnt  out  and  the  heat  has  converted  the 
upper  bods  of  this  group  into  material  like  broken  tiles, 
wluch  lie  scattered  over  the  banks.  Probably  the  ochre- 
beds  observed  in  some  parts  of  the  banks  are  the  layers  of 
ash  which  represent  the  lignite-bed  when  consumed. 

/  Brown  coal.  This  bed  is  about  18  inches  thick^  and  in  thin 
leaves,  with  a  paper-like  texture ;  on  it  rests — 

€,  I  foot  of  silicified  wood,  composed  of  stems  and  trunks,  and 
roots  of  largo  trees.  In  the  bed  these  are  of  a  deep 
brown-black  colour,  but  the  fragments  which  lie  scat- 
tered about  weather  to  a  light-cream  colour  on  the  sur- 
fEioe.    One  silicified  root  measured  18  inches  in  diameter. 

g,  Sandy  days  partially  banded,  varying  from  grey  to  light-cream 

colour.  Crystals  of  selenite  are  very  common,  but  no  large 
'  masses  were  observed.    This  group  has  a  very  chalky 
look  from  a  distance.    It  is  probably  100  feet  thick,  but 
the  base  of  the  section  was  not  observed. 

Although  these  beds  are  very  variable,  passing  horizontally  into 
different  varieties  of  shales,  banded  days,  and  sandstones,  still  there 
deemed  to  be  a  definite  inclination  to  the  N.E.,  so  that  in  ascending 
the  river  deeper  beds  were  exposed. 

A  few  miles  above  Shell  Creek  the  lower  part  of  the  banks  are  to 
B  great  extent  composed  of  a  bed  highly  charged  with  ironstone 
nodules,  which  have  very  irregular  shapes,  unlike  the  nodules  in  the 
other  parts  of  the  strata.  The  profusion  of  these  strewn  on  the 
slopes  of  the  valley  reminded  me  of  the  heaps  of  roasted  ironstone 
scattered  in  the  neighbourhood  of  iron-furnaces.  A  little  way 
farther  on,  where  a  creek  joins  the  valley,  thick  beds  of  coal 
appear  at  llie  base  of  the  section.  The  lowest  bed  is  4  to  5  feet 
thicky  and  very  compact  and  pure.  It  is  induded  in  the  same  gritty 
sandy  clay  that  everywhere  forms  the  matrix  of  the  coal. 

The  iron-shales  immediately  overlie  these  beds,  and  these  are  again 
overlain  by  the  "  banded  clays"  that  form  the  base  of  the  section 
lower  down.  By  following  up  Coal  Creek  for  a  few  hundred  yards 
to  where  the  banks  attained  a  height  of  250  feet  above  the  burnt 
lignite-seam,  I  found  in  a  hard  sandy  limestone-bed  the  following 
icNKils: — 

Ostrea  anomiaeformis.  Crassatella. 

Mytiliis  (2  specios).  Venus. 

Cardium  muiltistriatam.  Bostellaria. 

Paludina. 
No  break  was  observed  in  the  beds,  and  the  succession  of  the  strata 
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from  the  li^ite  upwards  was  stieh  as  might  bo  «:cpe>cti!d  in  t  graW 
passage  from  freshwater  to  mame  deposita,  I  did  not,  Ktrwertif, 
remark  the  kyer  of  siliciJiBd  wood  or  bruwn  cool  that  I  tiipec4i?il  ^ 
occur  above  the  **  banded  clays  "  that  orerlie  ^e  ligniiis 

On  liattlc  River  similar  boda  were  observed  m  lat,  52^  ^  5* 
long,  IIP  2\y  W.,  having  the  same  order.  Th©  lagh  p«iaf  thf 
section  was  composed  of  the  *' banded  clays'*  along  with  iSinet^lsiamj 
masses  of  sandy  limestone,  containing  fMtrta^  Atimhij  and  otiw 
sheila.  Over  the  **  banded  days"  ia  the  layer  of  aiidfied  «twd. 
while  at  the  base  of  the  s^ectioa  and  under  the  water  of  the  riter 
the  beds  of  lignite  crop  out. 

For  sixty  miles  above  the  Hand  HiUs  I  had  no  opportunity  of  ^i* 
amining  tho  banks  of  Red  Deer  River,  but  at  the  mooth  uf  BaD 
Creek  the  strata  were  found  to  present  much  the  same  app«rwu!f 
as   at  that  place ;    tlie  higher  banks  consisting  of   the  *^  h^Ad 
clnys,"  while  along  the  tiveir  are  exposed  the  beda  of  H^ttc  G^rrkiD 
by  the  siiieified  wood.     Beneath  the  lignite,  and  what  mn^t  be  tltf 
lowest  bed  of  the  flcetion  at  thia  plaee^  occurs  a  hard  giry  gatiJrf4fic 
with  large  concretions,  that  contain  a  slipjbt  admixture  of  liiat,  «J 
in  these  I  obtained  so%^oral  leaves  of  deeiduons  dicotyledflaoM  toA 
The  exaet  spot  where  these  were  obtained  ia  ju»t  btdow  th^montli^f 
Deadman*s  Creek.     A  little  ahoTo  tliis  place  the  ettal  form*  beA 
of  great  thickness,  one  group  of  seams  me^isuiiag  20  fiDet  in  thickin^* 
of  which  1 2  feet  conmst  of  piire  compact  c(ml,  and  the  remain  to 
of  carbonaceous  clays.     At  one  point  the  seam  wws  on  ftre,  tbi*  ^^ 
exxKised  in  a  cliff  of  about  300  yards  in  length  being  at  maay  ] " 
in  a  dull  glow,  the  constant  sliding  of  the  hank  continuing  X^  i 
a  frc^h  surface  to  the  atm-iqihere*     For  miles  around  th**  air  i»  k 
by  a  heavy  sulphurous  and  limey  am  ell  >  and  the  Indians  ^j  thit  J 
as  lonf^  OS  they  can  remember  the  fire  at  this  pkce  hm  i 
extinguished  summer  or  winter*     For  ten  miles  above  thift  pliee  I 
coal-beds  were  traced  as  we  ascended  Red  Deer  Bivrr.    IVt  a^ 
then  succeeded  by  ch&  of  sandstone  ap[tarently  formed  by  bd*ti«><2 
lying  the  co^il-gronp,  but  the  dip  is  very  slight,     Tlie  Jfidi  Eii^ 
where  this  sands  tone  forms  a  high  ridge  run  to  th^  north- wi^^* 
and  nbove  this  point  the  banks  of  the  river  are  composed  of  1 
laminated  marly  days,  oft<*n  eon  taming  concretionary  maai 
stone  filled  with  freshwater  sheUs,  such  as  PtilwiinfMn  i^m**Wii^ 
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G.  Buff  caldferoui  eandftone  raiting  on  ttie  Bj^t^fntmp  (A)  ^^A^^mM$* 
Th<»e  marly  clays  a^^|]iy|^j|g||yyy|y||y||ygtfj 
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>ccapj  a  great  basm,  through  which  the  river  flows  from 
forks  of  Medicine  River.  Traces  of  a  similar  deposit  of  much 
nt  date  than  the  lignite-group  on  which  it  rests,  were  no- 
he  Athabasca  Biver  and  also  on  the  North  Saskatchewan, 
in  fig.  8. 

ihat  point  there  appear  chocolate-coloured  shales  with  beds 
>ne ;  and  on  Little  Red  Deer  River  a  section  (fig.  9)  was  ob- 
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in  which  the  sandstone  beds  become  disturbed  and  harder, 
Dg  beautiful  flexures  and  exposing  at  the  base  the  same  shales. 


ngo,  there  come  beds  of  pink  quartzoee  grit  with  da 
which  rested  a  great  thickness  of  black  aluminous  shale 
Rraall  Ostrea  in  great  abundance.  Also  on  the  west  si 
Bruler,  where  the  Athabasca  Biver  leaves  the  mountaj 
strata  were  observed  resting  high  up  on  the  flanks  of  a 
Carboniferous  Limestone. 

At  many  other  points  in  the  mountains  throughout 
ranges,  patdies  of  shales  occur,  highly  ferruginous  an< 
grits  and  heavy-bedded  sandstones  of  various  tints,  and  1 
rently  a  superior  position  to  the  rocks  of  Carboniferous  i 
the  greater  mass  of  that  portion  of  the  mountains  is  oo 
the  sections  of  the  various  mountain-ranges,  the  bods  ^ 
sider  to  belong  to  this  group  I  have  lettered  a,  and,  ai 
great  thickness,  it  is  probable  that  they  represent  some 
that  are  found  undisturbed  in  the  prairies.  In  the  ea 
of  mountains  on  the  North  Saskatchewan,  masses  of 
encrinital  limestone  rise  to  the  height  of  1500  feet  with 
to  the  west;  while  the  pink  grits  and  aluminous  sha] 
from  them  in  every  direction,  just  as  if  they  had  bei 
intrusive  rock  thrust  up  from  below, — ^thus  showing  the 
formity  between  these  limestones  and  the  strata  that 
intervene  between  them  and  the  Cretaceous. 


Cretaceotis  Strata  of  Vancouver  Island  and  ihe  Gulf  i 
The  map  No.  V*.  is  from  the  Admiralty-chart  of  th' 
twcen  the  south  end  of  Vancouver  Island  and  the  n 
extended  northwards  so  as  to  include  the  portion  of  th( 
On  it  I  have  sketched-in  the  probable  range  of  the  difl 
tions,  but  in  a  very  imperfect  manner,  as  my  own  obsei 


i61.]  HECTOR ROCKY  MOUXTAINS,  KTC.  42\) 

ts  in  operation,  giving  employment  to  thirty  miners  and  a  number  of 
boiirers.  The  former  are  principally  Scotch  and  Staffordshire  men 
at  have  been  brought  out  to  the  country  at  the  Hudson  Bay  Com- 
my's  expense,  but  the  greater  number  of  the  labourers  are  Indians, 
lall  tribes  of  whom  come  and  settle  at  the  mines  and  work 
r  a  short  time  until  they  tire  of  the  uncongenial  life,  when  they 
iYc  to  make  room  for  another  band.  The  irregular  supply  of  labour 
)m  this  cause  adds  greatly  to  the  uncertainty  and  expense  of  the 
>rki]igs.  When  working  in  the  best  seams  at  Nanaimo,  a  miner 
Q  put  out  2^  tons  per  day.  The  shipment  from  Nanaimo  in  the 
mth  of  January  1860  was  2000  tons,  the  trade  having  at  that  time 
en  suddenly  extended  by  the  demand  consequent  upon  the  esta- 
shment  of  gas-works  at  Portland,  Oregon,  and  several  other  places. 
is  demand  was  supplied  from  a  large  stock  that  was  lying  on  hand 
the  time,  but  which,  from  having  been  exposed  to  the  action  of  the 
atlier  for  many  years,  was  of  very  inferior  quality.  In  spite  of 
s,  however,  I  understand  that  the  mai'ket  has  continued  steady 
"oughout  last  year,  and  that  the  coal  has  been  much  used  in  Cali- 
nia  for  making  gas  instead  of  that  brought  from  the  Eastern  States 
heretofore.     Coal  from  the  same  description  of  strata  has  been 

0  worked  to  some  extent  on  the  opposite  side  of  the  Gulf  of  Georgia 
Bellingham  Bay,  and  also  at  Goose  Bay  in  Washington  Territory. 
though  it  has  been  found  in  many  other  localities  along  the  coast, 

I  shall  mention  after  describing  the  formation,  these  are  the  only 
M*08  where  it  has  been  worked  to  any  extent.  The  whole  forma- 
»n  associated  with  the  lignite-  or  coal-beds  is  very  extensively  de- 
loped  along  the  Pacific  coast,  and  has  generally  been  considered 
be  of  Tertiary  age,  excepting  from  the  fii-st  accounts  sent  home, 
bich,  as  there  were  no  fossils,  induced  geologists  to  consider  thorn 
Carboniferous.  Some  fossils  transmitted  to  the  Jerrayn  Street 
useum  many  years  ago  were  first  rightly  recognized  by  the  late 
rofessor  E.  Forbes  as  being  Cretaceous ;  but  the  localities  were  un- 
jsoribed,  and,  in  the  absence  of  sections,  it  was  impossible  to  deduce 
lything  from  them  regarding  the  age  of  the  coal-beds. 
The  observations  which  I  have  now  to  offer  respecting  these  strata 
ill,  I  believe,  put  their  age  beyond  doubt  as  Cretaceous ;  but  rightly 

•  understand  the  value  to  be  attached  to  them  requires  me  to  give 
rst  a  sketch  of  the  physical  features  of  the  district. 

Tlie  southern  part  of  Vancouver  Island,  where  the  town  of  Vic- 
ria  is  built,  is  composed  of  metamorphic  rocks,  with  occasional  beds 
:*  crystalline  limestone.     This  district  and  also  the  central  portion 

•  the  island,  as  may  be  expected  from  the  formation,  is  everywhere 
illy  and  even  mountainous,  with  only  limited  patches  of  fertile  soil 

1  tiie  valleys.  However,  the  scanty  soil  on  the  rocky  hills  supports 
fine  growth  of  timber,  so  that  they  are  almost  invariably  wooded  to 
leir  summits.  In  the  immediate  neighbourhood  of  Victoria  there  is 
jvertheless  a  good  deal  of  fine  open  land  dotted  with  small  oak-trees. 
a  passing  to  the  north  through  the  Canal  de  Haro,  the  islands  of 
16  archipelago  between  Vancouver  Island  and  the  mainland  are  seen 

•  be  composed  of  strata  of  sandstone  and  conglomerate,  which  form 
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lofty  cliffis  oYcrhfin^ng  intricate  but  beflutiftil  inlf^ta.  The  jmiotti* 
between  these  two  formatioiw  wtm  not  obserred,  but  I  thinkititnnitli 
of  San  Juaa  Island,  thenoe  croaaing  to  Vancouver  Isibmd  liy  Smmth 
Point,  nnd  nortli wards  a  little  way  back  irom  tto  C4Mistj  letfiiif  t 
narrow  strip  of  fine  land*. 

These  santlstone  and  conglamerato  strata  hare  a  ncifonn  strikts 
from  N,N,W.  to  B.iS*E.j  and,  in  passing  along  tlie  i^re  of  >ktami 
Island,  they  were  observed  to  form  several  well-marked  spdiral 
tronghs^  und  on  passing  through  the  Plnmper  p£^B  to  dip  gently  to  lip 
N*E.  under  the  watc^rs  of  the  Oulf  of  OcforgtA,  The  aattmr  of  iht 
beda  was  not  ascertained  beyond  the  general  faet  that  they  ore  tei* 
bedded  sandstones  and  conglomeratea,  and  sometimes  stmta  of  ckj* 
Hhide,  The  sandstones  are  much  acted  on  by  die  wettlhrr,  m^  n 
the  water-line  the  sea  has  genemlly  worn  in  them  caTt»4*  aad  bijll*^ti. 
The  conglomerates  form  the  highest  beds  of  tlie  series,  and  «« <rf 
immense  thickness. 

After  passing  the  Plumper  Pass,  in  proceeding  north  tlutwfiji  Trifi- 
comalee  Channel,  Galiano  Island  to  the  west  presents  eli^»  ikwt 
8(J0  feet  high,  of  the  sandstone  and  eoaglomerate,  with  a  g;Mktk  ip 
to  the  eiist ;  and  sometimes  spits  or  low  promontories  of  |]l#  iW» 
run  pandlel  with  the  coast,  enclosing  narrow  bays.  Th«  wwt  mk  rf 
the  channel  on  Salt  Spring  Island  is  a  low  shelving  cwost  Kesfily  ^m* 
be  red  to  the  water's  edge,  nnd  exposing  outcrops  of  grey  and  Mueciajr' 
shales^  which  dip  to  the  east*  The  portion  of  tluii  isbind  which  i* 
occupied  by  these  shales  is  the  finest  land  for  scttJemeat  I  hate  ma 
on  the  coa»t ;  but  the  southern  part  is  mountainoiis,  riAtng  ta  t^« 
height  of  2300  feet.  It  is  on  the  north  part  of  Bait  Spriag  Itlind 
that  the  Baliuo  springs  are  f^it united  from  which  it  gt'tji  ito  bum. 
They  seem  to  escajie  from  the  shales,  and  ooeur  tn  apotd  dHi  fro 
timber  and  covered  with  green  moist  vegetation  ahmmdii^  ii  t^- 
ferous  plants.  Round  the  oriiiees  from  which  tlie  brine  <iCttpei,tkfv 
have  formed  conical  monnda  of  granular  calcareous  siQter  etiisoii^ 

^  I  am  informed  bj  lieut.  Roche,  R,N.,  thit,  wbrai  nMicm^  on  CImI  em0k  ^ 


discovered  n  ixTpper-lodt^  and  di5tcet«l  it  on  Moi^lby  iMUnd  «nd  VUSOO*  pi^ 
ir>  a  line  ruiming  S.E.  bj  E.,  m  indicated  on  the  iiijip,  I  hate  iiot  mpm  ■• 
the  enniplci  h^  brought  nwiij,  Imt  rapper  iu  the  mtit»Jfi<;  ftAt«  is  knovn  fe&fo* 
in  tj^uuntitiea  further  nort^u  «nd  I  Iwiv*?  a.  spccbnMi  of  the  siulphitlii  of  «pp* 
whicrh  WAfl  uiid  to  hare  been  found  by  the  Indiana  on  the  nnuul^nd.  Tl««i»^ 
dQiibt  that  a  CAreftU  examination  of*TiinoouYcr  Inland  and  tbu  nrhoi]iin|  vm^ 
land  for  metallic  Tetnft  vrould  rield  ¥idiinb!<3  results.  Since  mj  rHum  le  fiuW 
J  hnvo  Iicnrd  that  th^  ftouio  HiiTEr-ore  thM  ia  found  at  Wn«}tor,'and  lltat  rmttiv^ 
B  furor  in  San  Frandfico  a  jew  ago^  hu  also  been  foQiid  on  lfa«  Buraolliltf  ^ 
FnM«r  Eiver.  The  Cascade  nmfa  of  moiuitftiiu  mity  be  loolced  Mi  I*  tfti  f^ 
tinoation  of  the  Sifrra^  yeTada  of  Oali^bmJi,  and  tJi^  i&oj'kM  ciiftafi  in  t^ 
nature  of  the  coaM-Iine  iwfth  of  VanCT>uTcr  IilnJid  aliowt  yihm  t3h*  dun 
bejifins  to  dip  down  to  thw  wa-Jfivel ;  no  that  what  wm*  fonnRrif  niaiinlftim-TiI'«l* 
ftr(?  conTertt?d  into  inleU  and  silraitft,  Thj*  ii  a  tnoit  knjioifn^  pb^dimi  fm^Uf* 
oml  the  ^reat  facilities  for  apoeaa  to  tbo  mintfd  wedth  ©f  ttw  vomilrv  whiefc« 
afTordfi  will  e^^rt  n  pow(!rful  influciiOD  on  th«  dcaitintui  of  BriliaU  iVaskhik 
although  at  present ,  in  the  abtence  of  Toodft,  it«  iron*Kiivtd  ooaiA  end  vMt  of 
rich  tint  country  iir&  crronoou*ly  conflidered  n»  a  bftr  to  iU  di^rwkiipmn^  froBI 
or  later  it  will  be  sem  how  wcmderfully  tlils  now  Cfih>t;ij  ii  ndaptjiltijr  mtUI*^ 
mbiing,  fiaberiei,  wid  commeroo. 
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iron ;  but  in  summer  thoro  is  said  to  be  an  abundant  deposit  of  pure 
white  salt. 

North  of  Salt  Spring  Island  the  strata  preserve  the  same  strike 
and  general  appearance  all  the  way  to  Nanaimo,  the  island  forming 
long  spits  of  sandstone  and  conglomerate  with  precipitous  shores  to 
the  west.     Just  below  the  "  rapids"  the  shales  were  again  noticed, 
resting  on  the  sandstone,  and  both  dipping  to  the  west.     At  very  low 
tide  a  thick  seam  of  lignite  is  exposed  at  this  point  and  on  the  island 
opposite,  and  to  the  east  I  found  a  thin  seam  in  the  sandstones.     At 
Nanaimo  the  sandstone  country  occupies  a  broader  belt  along  tho 
shore  of  Yancouyer  Island  than  further  to  the  south,  but  immediately 
to  the  north  the  strike  changes  to  nearly  east  and  west  on  Newcastle 
Island ;  and  on  Fossil  Point  the  lowest  beds  were  seen  to  rest  on  igne- 
ous rocks,  which  continued  to  occupy  the  coast  for  the  few  miles  I 
went  further  to  the  north.     At  the  head  of  the  Gulf  of  Georgia,  the 
sandstones  again  form  the  islands  that  crowd  the  narrow  channel 
that  separates  Yancouver  Island  from   the   mainland,  and  also  a 
g;reat  extent  of  both  shores.     From  Comux  and  Yaldez  Inlet,  which 
are  situated  in  this  locality,  some  of  the  fossils  which  I  have  were 
procured  by  Mr.  McKay,  of  the  Hudson  Bay  Company,     Also  at  the 
extreme  north  end  of  the  island,  at  Fort  Rupert,  Mr.  Lord,  of  the 
Coundary-commission,  observed  the  sandstones  and  thick  beds  of 
lignite  dipping  out  to  sea. 

At  many  points  along  the  eastern  shore  of  the  Gulf  of  Georg^, 
tibese  strata  have  been  detected  with  the  associated  lignite-beds. 
INorth  of  Howe's  Sound  the  mountains  closely  hug  the  sea-coast,  but 
«outh  of  that  they  retire  along  the  north  shore  of  Burrard's  Inlet  to 
the  south-east,  so  as  to  be  sixty  miles  inland  where  the  boundary-line 
meets  them  ;  thus  leaving  a  very  heavily  timbered  track,  which  forms 
the  only  level  country  in  British  Columbia  west  of  the  Cascade  EAUge. 
Most  of  this  district  is  covered  by  shingle-terraces  and  other  super- 
ficial deposits  which  obscure  the  underlying  strata,  but  from  Burrard's 
Inlet,  eight  miles  north  of  the  entrance  to  Fraser  Biver,  coal  and 
sandstones  containing  fossil  leaves  have  been  sent  home  by  H.  M.  S. 
**  Plumper."     Also  on  Fraser  River  near  Fort  Langley,  and  on  its 
tributary  Pitt  River,  the  coal  has  beeu  observed,  and  then  again  at 
Bellingham  Bay,  south  of  the  boundary-line ;  so  that  it  is  probable 
that  these  strata  underlie  Ihe  greater  part  of  this  region. 

DeiaiU  of  the  Strata  at  Nanaimo, — ^In  the  section,  fig.  3, 
Plate  Xin.,  I  have  represented  the  whole  beds  observed  at 
Nanaimo  in  their  probable  order,  but  I  did  not  see  any  one  section 
giving  the  complete  sequence  expressed  in  it.  Starting  from  Fossil 
Point,  north  of  Departure  Bay,  we  have  the  high  promontory  formed 
of  trap,  resting  on  which  are  beds  of  greenstone-conglomerate,  con- 
sisting of  spherical  masses  of  greenstone,  cemented  by  a  fclspathic 
matrix.  Over  this  is  a  tufaceous  bed  (with  imperfectly  formed 
crystals),  6  to  6  feet  in  thickness,  partly  fused  and  often  pierced  by  the 
trap  from  below.  Then  follows  a  very  tough  green  sandstone  quite 
filled  with  shells,  for  many  of  the  specimens  of  which  I  am  indebted 
to  Mr.  McKay. 

2g2 


llMVr    ('iitlni'tK    l\.r((ita,    tulllinoil 
and  Tri'fon'ui  /'w/<m/-/.  coinTnoii  l(»  > 
owiiiir  t<'  the  vrrv  ini]icrl\'<t  stat«^ 
exlont  of  tho  culKctions,  is  pri)I»u 
iiidiiHlion  of  llic  a;i:riH*mont  tliat  ii 
suiidstonc  bi.'ds  at  llui   hiise  of  tl 
seem  It)  have  boeu  doptwitod  origii 
n>«.k,  which  was  probably  siibmar 
the  water,  easily  bi-oke  up  into  tl 
glomeruto-likc  breccia,  the  cement 
tufufl  that  were  deposited  on  its  si 
the  gi'eensand  l>eds  had  been  dc 
remains.     'J'he  whole  has  sinct*  l)o 
of  the  lower  beds  have  undergone  ] 
biu^sts. 

The  sandstiine  is  sometimes  qui 
vertical  for  a  little  way,  and  is  on 
promontory  and  north  side  of  Depa 

Three  hundred  yards  from  the 
betwei'n  Newcastle  Isliuid  and  the 
compowd  of  very  fine  eonglomerat( 
stone,'*  in  btnls  that  dip  S.S.E.  at 
fi-af^ments  of  carbonized  wood. 

A  quarter  of  a  mile  further  on,  i 
north  end  of  Newcastle  Island,  th 
which  preserve  the  same  direction, 
disturlx^d  than  the  strata  that  fon 
this  appearance  is  exaggerated  by  tl 
The  strata  of  sandstone  continue  to  ] 
all  ali»ng  the  coast  of  Newcastle 
more  horizontal  towanls  the  80Uth( 
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ley  have  the  same  characters  and  relative  position,  thus  showing 
lat  thoy  are  continuous  to  that  extent.  The  lowest  bed  of  coal  is 
illed  the  "  Newcastle  scam,"  and  is  worked  by  lev^'ls  driven  into 
le  outcrop  as  it  rises  with  the  high  bank  from  the  shore.  The 
>al  or  lignite  is  6  feet  thick,  with  a  floor  of  sandstone,  and  a  roof 

*  n  very  tough  conglomerate  of  very  small  pebbles.  The  strata  have 
dip  of  20^,  so  that  the  method  employed  succeeds  well  for  taking  out 
QLoll  quantities. 

This  mine  was  not  being  worked  when  I  visited  it,  but  there  were 
rge  heaps  of  the  coal,  waiting  for  a  market,  that  had  been  lying 
lere  for  some  years,  so  that  I  could  judge  the  effect  of  the 
eather  on  it  with  great  facility.  The  surface  was  turned  to  a 
isty  brown,  and  the  masses  showed  a  tendency  to  break  up  with  a 
jity  fracture — otherwise  the  exposure  had  worked  but  little  change. 

Along  the  shore  of  the  island  to  the  south,  the  strata  of  argil- 
loeous  sandstone  are  seen  to  dip  steadily  in  the  same  direction 
rith  less  and  less  inclination,  until  at  the  southern  extremity  they 
re  almost  horizontal.  On  Douglas  Island  there  is  said  to  be 
.nother  seam  of  coal,  from  the  shales  associated  with  which  the  fossil 
eaves  are  generally  procured.  I  had  not  an  opportunity  of  visit- 
Dg  it,  however.  On  the  coast  at  Nanaimo  Harbour  the  strike  of 
he  strata  is  quite  diflferent,  but  yet  they  preserve  the  same  character 
md  sequence.  Exit  Channel  seeming  to  mark  a  great  fault.  The 
ittle  peninsula  on  which  the  Hudson  Bay  Company's  establishment 
itands,  and  where  the  coal  was  first  discovered,  is  also  another 
lislocated  portion  of  the  strata,  as  may  be  seen  by  reference  to  the 
nap. 
At  Nanaimo,  as  on  Newcastle  Island,  there  are  two  seams,  the 

•  Newcastle  "  and  the  **  Douglas," — ^the  first  of  which  is  everywhere 
ibout  6  feet  in  thit-kness,  with  sometimes  a  floor  of  fire-clay,  but 
more  generally  of  sandstone,  and  the  roof  consisting  of  the  fine  con- 
glomerate bed,  about  GO  feet  thick,  on  which  rests  the  Douglas 
(jeam  with  an  average  thickness  of  from  3  j  to  4  feet.  The  roof  of 
thi8  seam  is  sometimes  of  iron-clay-shale,  but  more  often  of  the 
same  tough  conglomerate  that  it  rests  upon.  On  Chase  Biver,  11 
mile  to  ^0  south,  the  outcrop  of  a  seam  has  been  discovered  and 
worked  to  a  small  extent,  which  they  consider  to  be  the  "  Newcastle 
seam ; "  and  as  it  occurs  right  in  th«  line  of  strike,  and  as  they  have 
ascertained  the  outcrop  at  several  points,  it  is  probable  that  the 
beds  of  coal  are  continuous. 

In  the  mines  they  have  met  several  "  stone- faults  "  or  »'  swells," 
where  the  floor  rises  up  and  throws  the  coal-seam  out  for  several 
fitthoms.  It  is  generally  represented,  however,  by  a  carbonaceous 
parting.  These  faults  are  a  source  of  great  expense  in  the  working,  as 
the  conglomerate  to  be  pierced  is  exceedingly  tough  and  compact,  so 
that  the  blast  only  brings  it  away  in  small  pieces. 

In  proceeding  along  the  coast  towards  the  mouth  of  Nanaimo  River, 
the  strata  consist  of  argillaceous  sandstones  with  a  similar  character 
to  thoee  of  the  southern  part  of  Newcastle  Island,  and  preserving  a 
steady  though  gentle  dip  to  the  E.  by  S.     A  short  way  above  the  en- 
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trail oe  to  ibc  river,  in  t!ic  Bandstonai,  there  ii  a  thin  seam  of  wd,  the 
position  of  which  was  pointed  out  to  me  by  Mr.  Nicbol,  m  Ifee  ri 
was  too  high  to  ixllow  U8  to  see  it,  Contijmiiig  to  ascend  the  rit«^i 
whi<:h  is  of  small  size,  we  found  low  exposures  of  the  sftnd*t«nL* 
with  the  dij)  to  the  E. ;  find  at  FoshU  l^dnk,  ihtre  or  four  iuU*«  &«» 
tbe  mouth,  ihvy  are  overkin  eoaformably  by  dark^piiipb  dbiB  fflkd 
with  septaritt.  which  yield  Crctact^ous  fossils.  The  dip  of  tbo  Wi 
is  10°  to  the  E,  by  N,j  oad  the  clay  strata  were  dearly  m?&x  toiwt 
on  the  hard-bedded  satidstones, 

I  fouud  Inoeeramm,  JiandtUs^  and  (wme  other  fomih,  of  iriiicii 
other  specimens  are  also  among  tho»o  obtained  hy  Mr<  BuitfliiB 
at  this  plaoe.  I  was  t+dd  at  Nanainio  that  Amfmmii^t  hsTO  feeqttnfi^ 
been  found  there  of  lar^  size,  and  frorn  Hr,  ifeKmy  1  p*t  a 
number  of  fossik,  some  of  which  ho  obtained  at  thiM  locality ;  to 
others  having  the  Bame  appearance,  and  abo  coutaiined  in  w^ffimr 
be  procured  from  Comiix  and  Taldez  Inlet  at  the  he^d  of  ^  Gotf 
of  Georgia ;  bnt  these  two  aeta  of  specimens  had  been  unfoftanatcJ^ 
mixed  together.  For  a  couple  of  miles  the  Nanaimo  Eiver  flt^wi 
through  these  cky  strata,  and  then  turns  again  from  the  S*Wt,  aad 
in  ascending  the  sandstone  strata  were  again  found  to  recur  ai  k 
the  lower  part  of  the  river,  but  with  a  more  rapid  dip,  Al  lU 
**  Cnfion  "  ^csc  sandstones  form  precipices  about  100  feet  in  hcigb^ 
bounding  a  namow  gorge  GOO  yards  long,  through  wliich  tht  rivtf 
Hows.  The  beds  dip  at  15"*  to  the  E-N.E*,  and  are  verj'  hkf  tb«* 
of  Newcastle  Island, 

From  inider  these  sandstonee,  in  ascending  the  rirer*  hmd  \^ 
of  the  gravel -conglomerate  cropped  out  with  great  re^darity^  »f|Ji* 
riitcd  by  soft  beda  of  red  and  grei^niah  clay,  Theao  probably  twit- 
spond  to  the  group  with  the  coal  at  Nanaimo^  but  I  failvd  In  Hndias 
any  proof  of  it  beyond  fragments  of  carbonized  ivoctd,  Tlio  itfri* 
from  I'o6*iil  Bank  up  to  the  river,  as  far  as  I  went,  an  liMnra  ift 
section  No,  3,  PI,  XIII. 

The  total  thickness  of  the  bede  from  the  coal  to  the  iJajft  *t 
Fossil  Bonk  I  estimated  at  6CKJ  to  700  feet,  but  I  had  no  oyi^G^imtf 
of  making  any  exact  measureraei^t.  Between  Nanaimo  liivfir  Iflidlto 
eoaat,  there  h  a  tract  of  very  fine  country,  and  it  is  prob«bl>y  ««»* 
pied  by  tlio  Hcptaria-claySj  which,  aa  I  mentioned  bttfore,  wo^iea  • 
Uttlc  south  of  the  rapid. 

The  foi lowing  is  the  list  of  Ipaiils  from  the  Bq>tana-clfi5i>  wliidi 
int  hides  those  speeiniens  obtained  by  McKay  from  Val*ic«  JuM;— 
Inm^eramus  (?)  (this is  the  /.  Crrpui  of  Conrad  and  Uoomirr),  /,  fu^ 
nnm,  /.  Nthi*ac^ngk,  /.  unchdopHcaius^  /,  confer iitn^ot^tmkim,  I 
fniftiloidtSf  Baciditf^  con^trusit^  and  two  other  spcdcs,  Ammif^ 
gmictdatm  and  three  other  apecies. 

It  is  thus  evident  that  the  group  of  strata  with  the  li|fBH<Me«&* 
towards  their  base  must  be  of  Cretaceous  age  i  bnt  as  yt*t  it  wooW  ^ 
[premature  to  infer  the  exact  f»€mtioD  which  they  hold  with  rt^tW^ 
to  the  reat  of  that  system.  The  great  beds  of  congloiti«riii#  irW<* 
form  the  long  narrow  islands  nlong  the  west  of  the  Onlfof  Otorpi 
must,  T  think,  ovcrhe  all  these  strata. 


1861.  J  HECTOR — KOCKY  MOUNTAINS;  ETC.  435 

From  the  sandy  shales  associated  with  the  lignite,  I  forward  frag- 
ments of  Yew-like  fix>nds,  just  the  same  as  those  I  got  in  the  shales. 
At  the  Rocky  Mountain  House,  and  in  the  collection  sent  homo  by 
H.M.S.  "Plumper,"  all  the  specimens  from  Nanaimo  are  of  this  plant. 
Those  from  Burrard's  Inlet  ore  in  a  different  stone,  are  reticulate 
leaves,  and  were  also  found  along  with  beds  of  coal ;  but  there  seem 
to  be  no  specimens  of  the  Yew  &ond  from  that  locality*. 

From  Nanaimo  Mr.  Baucrman  has  also  sent  home  a  plant  that 
looks  much  like  a  portion  of  a  monocotyledonous  leaf. 

At  Bellingham  Bay,  sections  taken  by  Mr.  Peraberton  show  that 
the  lignite  occurs  in  a  large  quantity  at  that  place.  Lieut.  Trow- 
bridge in  describing  the  strata  there  says,  they  are  2000  feet  thick, 
and  include,  in  all,  110  feet  of  the  lignite-coal.  His  sections  are  pro- 
bably, however,  all  of  the  same  group  of  strata,  taken  at  different 
points  in  the  strike,  which  gives  rise  to  this  apparently  enormous 
thickness. 

The  analysis  of  the  coal  from  Bellingham  Bay,  which  is  generally 
considered  inferior  to  that  of  Nanaimo,  is  given  in  the  Pac.  Hail. 
Keport,  vol.  vi.  p.  65,  as  foUows : — 

Carbon 47-63 

Bitumen   50-22 

Ash 2-15 

100-00 

This  coal  has  been  sold  in  San  Francisco  market  at  from  818  to 
•22  per  ton  f  75«.  to  91^.  6d.  sterling). 

Lignite-coal  has  also  been  worked  for  the  same  market  from  Coose 
Bay,  and  has  the  following  composition : — 

Carbon 46-54 

Gaseous  matter 50*27 

Ash 3-19 

10000 
Conrad  states  that  shells  from  this  locality  are  of  Miocene  ago. 
At   Benicia,  above   San   Francisco,   coal  also   occurs,  and   was 
wrought  for  some  time,  but  the  dip  was  too  steep. 

In  Newbury's  Report  on  the  geology  of  this  part  of  Califomia,  I 
have  not  seen  any  notice  of  where  this  Benicia  hgnite  occurs  in  his 
sections ;  but  between  Benicia  and  the  sea  he  describes  3000  feet  of 
strata,  the  lowest  beds  being  of  sandstone  and  shales  resting  on,  and 
penetrated  by,  serpentine  and  trap  (the  same  which  are  so  highly 
charged  with  ores  of  copper  and  mercury  further  to  the  south). 
These  are  followed  by  green  and  brown  shales,  coarse  soft  sandstone, 
fine  sandstone  and  shales,  with  Pecten,  Natica,  Mactra,  and  TelUna, 
and  these  by  conglomerates  and  tufas,  the  whole  lying  at  an  angle  of 
30^.  Towards  Benicia  are  thin-bedded  clays  with  Sharks'  teeth.  Up 
Feather  River,  a  tributary  of  the  Sacramento  River,  at  Chico  Creek, 

*  Dr.  Hooker  haa  Bpecimens  from  Disco  Island,  in  the  aroiio  regions,  where  a 
Tow  firond  and  angiospermous  leaves  are  associated  in  the  same  hand-specimen. 


in  the  market.      If  tlu*se  beds  ar 
Msti'iil,  so  tliat  thry  c'jni  be  w«»rk 
tluTO  is  littk*  (Iniilit  tliat  lliis  cdu 
subslituto  fvirtho  finiT  coal  to  wliicli 
"^ill  fv>rm  a  valuable  source  of  w 
Aln»ady  it  is  extensively  used  by 
and  it  was  found  to  reijuire  only  a 
of  feeding  the  iireH  to  make  it  high 
As  ])eds  of  coal  of  similar  quality 
Formasa,  we  should  thus  have  the  s 
the  line  of  the  great  sea-voyage,  i 
C'anadiis,   Siiskatehowan,  and  Biil 
Eitst  were  adopted — a  natural  litB 
sidering  such  a  scheme. 

P.VL.SOZOIC  BOCKS  OF 

The  general  structural  features 
the  canoe-route,  so  far  as  they  car, 
traverse,  have  alrcnidy  been  well  dei 
Richardson,  Dr.  Bigsby,  and  others 
tions  of  the  rocks  of  which  it  is  comp 
be  of  any  value  until  they  are  exten 
of  a  combined  topographical  and  ge 

The  whole  of  this  district  is  oa 
**  intermtjdiate  primitive  belt ''  of  Si 
poscKl  of  gneiss,  mica-sihist,  crj'ntal 
mori)hic  rocks,  with  iritnisions  of  gi 
ages,  the  whole  formation  Iwing  the 
responding,  it  is  thought,  to  the  fund 
by  Sir  11.  Miirchison  as  underlying 
land. 
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1  these  two  districts,  but  also  the  direction  in  which  the  water- 
:>ur8e8  affect  the  principal  descents,  and  the  manner  in  which  the 
ikw  in  each  of  them  are  arranged,  all  indicate  a  different  direction 
r  the  elevating  and  disturbing  force ;  in  other  words,  two  different 
ces  of  dislocation. 

These  seem  to  converge  towards  the  south,  including  an  angle  of 
>out  25° ;  the  eastern  one  being  directed  ixom  the  north-east  to 
•lath-west,  while  the  western  one  lies  much  more  nearly  north  and 
^^th.  In  each  of  these  there  is  a  great  central  district  where 
^ thing  but  rounded  bosses  of  granite  are  seen  occurring  as  ridges 
^<J  islands,  which  rise  little  above  the  level  of  the  flooded  country 
^  which  they  occur.  On  either  side  of  these  t^vo  granitic  districts 
i^staniorphic  rocks  are  ranged  with  great  irregularity  as  regards 
^«ir  order  and  dip,  but  still,  on  the  whole,  preserving  their  direction 
^ly  consistently  vdth  the  bearing  of  the  axes  to  which  they  respect- 
'"«ly  belong.  There  are  besides  many  minor  outbursts  of  granite 
cleaning  as  dykes  and  intrusions,  but  they  do  not  seem  to  interfere 
^ith  the  above-mentioned  general  bearings  of  the  country. 

From  this  cause,  in  crossing  the  district  between  Lake  Superior 
nd  Ilainy  Lake,  the  summit-level  is  reached  by  an  abrupt  and  rapid 
scent  in  a  direction  at  nearly  right  angles  to  the  main  eastern  axis. 
lien  follows  a  long  traverse,  almost  along  the  summit  of  that  axis, 
od  then  an  abnipt  but  comparatively  short  descent  to  Rainy  Lake, 
^in  at  right  angles  to  the  axis. 

The  first  great  step  in  the  ascent  from  the  east  is  made  at  the 
akabica  Falls,  where,  from  a  succession  of  faults  which  mark  the 
»mmencement  of  the  more  highly  metamorphosed  rocks,  a  sudden 
evation  is  effected,  the  summit-level  of  which  is  179  feet  above 
oke  Superior  at  Fort  William. 

About  one  mile  below  the  fall  a  fine  section  is  exposed  in  the 
•rm  of  a  cliff  130  feet  high,  crossing  the  country  from  north-east  to 
►nth- west,  consisting  of  a  dark  argillaceous  schist  in  thin  fissile  beds, 
om  1  to  2  inches  in  thickness,  very  mucli  jointed,  and  having 
any  small  veins  of  quartz,  and  sometimes  calc-spar,  included  both 
I  the  lines  of  bedding  and  in  the  joints.  These  beds  are  quite 
3rizontal,  and  through  their  whole  thickness  the  river  has  cut  its 
ay  back  to  the  present  position  of  the  fall  in  a  manner  similar 
» that  in  wliich  the  river-bed  below  the  Niagara  Falls  has  been 
•nned. 

They  are  supposed  to  belong  to  the  Huronian  series,  a  system  which 

largely  developed  on  the  shores  of  Lakes  Superior  and  Huron, 
wting  unconformably  upon  the  Laurentian  series,  and  having,  ac- 
)rding  to  Sir  W.  Logan,  a  tliickness  of  12,000  feet.  Tlus  large 
rstem,  that  has  not  as  yet  yielded  any  fossils,  and  always  undcrliea 
le  Silurian,  has  been  couhidered  to  represent  the  Cambrian. 

On  the  Kiver  Kaministotjuoiah  above  the  fall  ut  Friar's  Portage 
le  strata  have  an  almost  vertical  position;  and  a  little  further  on,  at 
ower  Island  Tortage,  are  found  to  be  dipping  at  an  angle  of  40°  to 
>ath-south-cast,  and  to  be  changed  in  cliaracter,  having  mica  devc- 
•ped  in  thom,  and  also  a  great  abundance  of  quartz-veins.     Imme- 
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diafccly  uflcr wards,  in  the  ooar»G  of  tlie  asoent,  true  gmmte  tmm, 
iind  aft  or  ttovcnil  altcnitiona  schiistose  flags  reappear  at  Uppr  Wafld 
Portage,  but  in>w  dipping  at  a  high  anglo  to  the  iiarth-wt»i*i. 

Fri>m  the  falls  to  the  Dog  Lake  the  ascent  of  the  tive'T  jmrfuai 
northerly  couri^e,  croasing  the  heds  obliquely  by  a  nuLs^iiaftaiffl  d 
miner  falls,  ffiving  riee  to  seeneiy  of  unequalled  bcanty.  M  tiift 
Dog  Portage  another  sudden  rise  takes  place  in  the  wat«r-Seird;lflr 
the  rocky  high  grotmda  whieh,  for  a  long  way  b^ow,  haw  Um 
ekirting  tho  river  at  some  distance^  forming,  as  it  wej^es,  the  limiti 
of  a  vdild  valley,  here  conyerge  and  form  a  granitic  h«mer  xfw 
the  river,  the  summit  of  which  is  about  711*  feet  above  La^  Su- 
perior^ and  44<D  feet  above  the  river  at  the  lower  end  of  the  |ioita|9, 
but  only  140  foot  above  the  lake-level  at  the  iipx>erend,  ihtu*  makiiu 
a  rise  in  the  water-level  of  297  feet  in  the  short  distanee  ef  two  loi 
a  hjiLf  niilcH.  As  the  portage-road  passes  right  over  the  t'>p  of  thii 
hill  and  leads  to  a  poiat  in  the  lake  far  from  the  exit  of  the  nvs% 
the  nature  of  the  rook  at  the  falls  wliich  produee  tlu»  sud^isii 
ehange  in  level  could  not  be  examined,  but  the  mass  of  the  hilb 
seems  to  be  granite.  Although  tliis  is  not  the  liigheBt  point  otUnI 
ovor  which  we  passed  daring  Uie  route,  still  it  is  prohnble  that  ttat 
bill  is  Dtt  high  as  any  portion  of  the  roeky  axis  of  the  eountrrt « 
those  along  the  lake  are  inferier  to  it  in  elevation,  whila  tk 
asaont  whieh  is  made  after  leaving  tho  upper  end  of  Dug  Likt » 
tbrou^b  a  swjimpy  coimh^*  covered  witli  tlrift.  In  faet^  iiiter  UaW^ 
l)o^  liuke,  ustn  a  considerable  descent  has  been  made  to  tli6iroit,») 
rof:k  is  exposed^  the  whole  summit-level  being  covered  irith  a  ftw^ 
ileposit  of  drift. 

Fmm  the  I-ake  of  the  Tliousand  Isli>e*,  where  the  ixjcky  io<iriii|^  4 
the  country  is  again  uncovered,  until  Sturgeon  I^e  \h  roachc4t  i3jb 
descent  is  very  sligbt,  and  the  route  follows  a  ehain  of  flmaU  ktei 
which  are  in  most  cases  detached  from  one  acotht^*  being  i^- 
rated  by  rocky  barrien  OTer  which  the  c&Xkom  aikd  ^agom  m 
earned. 

In  many  cases  the  lakes  are  at  exactly  the  same  level  at  mik  nl 
of  the  portage,  and  the  greatest  difference  between  tho  tiro  ffflk 
of  any  of  those  portages  h  only  about  35  feet^  bo  that  the  Usd 
descent  in  this  part  of  the  route  cannot  atnotmt  to  very  miiuh.  Ilfl* 
chain  of  lakes  may,  in  fact,  be  oonsidered  a^  occupying  a  lin*  pmM 
with  the  summit  of  the  waterahed,  and  the  country  in  which  dwj 
lie  is  almost  wholly  eompmed  of  gmnito*  oeeumng  in  broad  nrasd 
eminences,  nowhere  rising  to  100  feet  above  the  level  6f  thtftlnt^ 
drowned  country.  It  is  probable  tliat  this  granitic  belt  is  p^poM 
considerably  where  the  old  portage- route  crosses  it,  anil  tlwt  1^ 
whcde  chain  of  lakes  between  Lake  Kasiganagah  and  Sturgotiii  l^ 
lies  Avithin  it.  It  is  tliis  belt  which  witl  form  the  gveat  oMwd^li 
the  formal  ion  of  any  kind  of  road  across  this  wate^ralied* 

From  sturgeon  Lake  to  Hod  lliver  there  In  a 
t^i  the?  south,  which  forms  the  only  excfTptiou  ta  tlm 
westerly  dee<?ent  of  the  waters  to  Rainy  Ijake. 

Fn,m  U,e  Lakeof  t^j^gm||jyymg||||ggg|||gjm 
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I  the  river-channol  crosses  the  sti-ata  of  gneiss  and  bedded  grecu- 

les  at  right  angles,  following  the  direction  of  the  dip. 

iainy  Lake  has  its  length  agreeing  with  the  strike  of  the  strata, 

Lch  is  here  more  nearly  east  and  west  than  before. 

between  Bainy  Lake  and  the  Lake  of  the  Woods  the  superficial 

osits  again  coyer  all  rocks  from  view,  and  when  the  north  end  of 

latter  lake  is  reached  and  they  are  again  exposed,  their  general 
Ice  is  now  changed  to  almost  north  and  south,  agreeing  with  the 
ater  axis  of  the  lake,  just  as  Bainy  Lake  agrees  with  the  strike 
liie  eastern  district.  The  descent  from  the  Lake  of  the  Woods  to 
Ice  Winnipeg  is  by  successive  groups  of  falls,  between  which  the 
er  forms  lake-like  expansions,  which  lie  generally  at  right  angles 
its  main  course. 

rhe  first  part  of  the  Elver  Winnipeg  flows  across  vertical  strata, 
i  then  enters  a  granitic  district  very  similar  to  that  passed  through 
innreen  the  Lake  of  the  Thousand  Isles  and  Sturgeon  Lake. 
The  strike  of  the  rocks  in  this  region  is  generally  a  little  to  the 
it  of  north,  and  the  nature  of  the  strata  is  very  similar  to  that  of 
»  country  cast  of  Kainy  Lake,  but  less  disturbed  by  dykes. 
No  trace  was  observed  of  the  existence  of  the  schistose  rocks  on 
9  west  flank  of  the  axis,  the  gneissose  rocks  continuing  for  the 
lole  way  to  Lake  Winnipeg. 

Silurian  Rods. — Mr.  Hind,  who  had  favourable  opportunities, 
>m  having  coasted  along  Lake  Winnipeg  and  the  other  lakes  that 
I  in  this  formation,  gives  an  interesting  account  of  its  development 

his  recent  work  ('Canadian,  Assinoboine,  and  Saskatchewan 
q)l.  Exped.'  ch.  xxxviii.):  his  fossils  having  been  submitted  to 
r.  Billings  of  the  Canadian  Geological  Survey,  the  following  groups 
*re  identified  as  occurring  in  the  Winnipeg  basin ;  all  of  them  are 
»wer  Silurian: — 

1.  Chazy  Formation,  3.  Trenton  Limestone. 

2.  Bird's-eye  Limestone.  4.  Hudson  River  Group. 

Of  these  I  only  saw  the  last  at  the  same  place  that  Dr.  Owen 
amined  and  recognized  the  proper  agt»  of  the  beds  in  1848— namely, 
the  Lower  Fort  Garry  on  Red  River.  Here  there  is  a  bench  of 
agnesian  limestone  exposed  in  the  bed  of  the  river  when  the 
iter  is  low,  and  which  is  then  quarried  for  building-purposes.  As 
e  river  was  high  when  I  was  there,  this  section  was  not  visible, 
it  from  fragments  lying  on  the  bank  the  following  fossils  were 
tained: — 

Uyathoph^Ihim.  Ormoceras  Lyonii  (Stokes). 

Coliunnaria  alveolata  (Hail).  Strophomena  plano-conyexa. 

FkreBtolla  (Eayoflites  basaltica  of  D.  Orthis ;  Tar.  of  0.  Lynx. 

Owen).  Spirifera  elegantula. 

Beoeptaculites  ooddeutalis  (StUter).  Maclurea. 

Bhyncnonella  iucubescens  (ffaU). 

These  fossils  have  been  named  for  me  by  Mr.  Salter,  who  has 
adly  examined  the  few  palaeozoic  fossils  that  were  procured.  The 
aestone  is  subcrystalline,of  a  light-buff  colour  with  purple  blotches. 
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very  hard,  anrl  luiviiiir  !iii  iingiilar  fracture.     At  Stooj  HiH,  aW  M- 
teen  miles  iu>rlh'We8t  Irom  the  iip|>er  tort,  there  ta  an  uidaUsd  likff 
of  limestone  rising  from  tbo  plain-level  to  the  hetgbt  of  ^}  fcrt. 
The  south  and  western  exposures   or©  abrupt  And  vi*fttcnrQni. 
having  evidt  ntly  been  nt  one  time  aa  island ;  and  uidi^  tlannjf  tl 
great  floods  whieh  ha%"e  sevenil  tixnes  inundated  the  settlfninit 
has  been  one  of  the  few  spots  upon  wbicb  the  inhnbilaiiti 
refuge,  reaching  it  hy  means  of  boats.     The  bede*  of  lime 
horizontal  tjr  nearly  so,  and  are  ali^htly  diffeii?nl  from  tho«?  ^X  Fbit 
Garry  in  their  mineral  aspect,  having  a  more  ery^sstalliny  wUmdiiiw 
and  the  colour  being  of  a  reddittb  hue,     No  foe^ils  ean  be 
in  newly  fractured  pordons,  but  on  the  we^ithered  ^uih^m  i 
obscure  romiiin.s  of  fossils  are  to  be  ht^en  pn>jt^diTi<r»  to 
siliceous  and  gJitty  i>artielea,  from  a  dull  floury  t^uriat^, 

Tbe  Silurian  rocks  have  now  heea  traeed  contiiiuously  fhaii  I- 
Superior  west  of  the  sources  of  the  Hl^si^ippi,  and  thonce  into 
vaUey  of  Lake  Winnipeg  and  on  to  the  Arctic  Ocean,  ^kirtsiig  li*e 
more  ancient  axis-  t>n  the  shore  of  Lake  Winnipeg  they  haTi?  bf^o 
obsei-vedmiu'h  disturbed  and  even  vertical  by  Dr.  Owen  (*  liqioTtyB 
Ueol.  of  Miuesota/  &e.),  but  in  general  titey  rest  nearly  hahiotifiiliy. 
or  with  only  a  very  sbght  dip. 

Resting  on  the  Silurian  ^tmtn^  Mr,  Hind  has  detected  Itnifiiftailf 
with  Devonian  fossils  in  a  tract  to  the  west  of  I^e  WmniMi^vtitf^ 
there  are  copious  salt-springs .  the  brino  from  ^\mh  l*  UMsTfertlX' 
manufacture  of  salt.  He  conMderd  the  line  markt^  hv  iXvc  ocfltr- 
rence  of  these  salt- springs  to  indicate  the  outcrop  uf  tie  DetoiiiAii 
strata. 

The  route  f)f  the  Expedition  at  o»oe  passed  ftom  Purina  t»  Ci^- 
taceous  rocks  without  any  indiciUioni  of  the  inteirmiing  bmm\ 
until  reaching  the  Rocky  ^tountainft* 


Mo^ 


nrnvcrmm  ov  ttte  noccr  noinrrADfs, 

Physical  Character, — ^Tho  plaiui  at  the  eastern  base  of  the  9a0fS 
Mountains  are,  as  I  have  before  stjited^  derated  above  tbe  wm  ^W** 
feet ;  and,  as  tlie  average  limit  of  vigorooa  Tegetatioa  in  that  tatitvS' 
is  attained  at  5000  to  60r>0  feet*  Uie  grenter  moa^  of  Uie  moimtai^^ 
displays  in  consoiijuonce  naked  and  bald  siir^ieeii,  which  are  genen^^^ 
very  precipituUM,     Their  structure  b*  thus  m^y  dlneemed  to  br <^ 
strata  the  real  thickneas  of  which,  originany  v^jry  grc^iit,  hm  \we^ 
much  exaggerated  by  the  complex  dexuree  wbieh  omsc  Uie  bod**'* 
recur  again  und  again^  sometimes  ewn  in  the  «aiiie  mountain.    Up* 
apparent  confusion  is  so  great  from  this  eauai*  m  to  strike  Ui9  wf^ 
at  once,  and  it  is  not  until  observatiotls  ha?o  been  isudk  orer  m  eoti~ 
sidcrable  extent  of  tbe  range  that  tbe  extreme  i^fCuLnrity  witti  irtiio* 
the  disturbing  agt^neies  have  been  exercised  beeomm  tmdmt    1^ 
flexures  of  the  strata  on  the  eastern  part  of  the  tntHintai&i  lu^ 
been  so  completely  inverted  tliat  the  prevaiUni^  dip  i«  ionvrirU)' 
centre  of  the  mountaina^that  is,  to  tbe  W.  and  8.  llie  ntnkei/  ^ 
plications  viiries,  but  in  a  regular  manner.     Fr*jm  Him'  Fofi,  pnwcfc- 
wards,  it  is  only  a  few  degixitee  oa^t  of  80UlhB^|yMHtii  iif 
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to  tho  valley  of  the  North  Saskatchewan  its  average  direction  is 
W.E.,  and  between  that  valley  and  the  Athabasca  it  is  S.E.  nearly, 
^Me  to  the  north  of  that  it  is  changed  to  within  two  points  of  east 
Midwest.  These  changes  in  the  direction  of  the  strata  take  place  at 
ae  different  great  valleys  by  which  these  rivers  leave  the  mountains, 
ttd  which  probably  mark  tho  lines  of  transverse  fracture.  The 
loantains  arc  divided  into  groups  by  great  longitudinal  valleys, 
hieh  are  met  with  in  every  part  of  the  chain  that  I  examined. 
Miiiig  in  the  length  of  the  range  and  forming  a  part  of  each  of 
B  river-systems.  The  course  of  these  rivoi-s  is,  therefore,  in  ever}' 
•e  zigzag,  alternately  flowing  through  wide  valleys  either  to  the 
ith  or  south,  and  then  making  short  breaks  to  the  east  or  west 
ough  narrow  and  rugged  defiles. 

rhronghout  these  great  valleys  it  seems  to  be  the  arrangement  of 
'  detrital  deposits  that  has  in  many  cases  determined  the  direc- 
1  in  which  the  rivers  flow. 

^^  carious  feature  is  to  be  remarked  in  the  position  of  the  water- 
id  between  the  waters  of  the  Pacific  and  those  of  the  Atlantic, 
sLng,  no  doubt,  from  this  cause.  It  is  found  gradually  to  occupy  a 
ition  further  to  the  west,  and  through  the  chain,  so  to  speak,  as 
f  rivers  rise  more  to  the  north. 

riius  the  Missouri  can  hardly  be  said  to  rise  within  the  Rocky 
iintains  at  all.  Belly  River,  on  the  boundary-line,  rises  from  the 
't  ridge  before  reaching  the  first  longitudinal  valley.  Kana- 
feds  River  rises  in  that  valley,  or  from  the  second  range ;  Bow 
^er  from  the  third  range ;  the  North  Saskatchewan  from  the 
orth  range ;  the  Athabasca  from  the  fifth ;  and,  although  I  have 
-  seen  Peace  River,  the  one  further  to  the  north,  still  this  feature 
*«  weD  marked  that  it  has  been  spoken  of  as  rising  on  the  west 
^  of  the  Rocky  Mountains  and  then  cutting  through  that  range 
tte  east.  This  all  tends  to  show  that  we  must  not  look  on  the 
^kj  Moimtains  as  a  continuous  range,  stretching  as  a  line  of  frac- 
i^  through  the  length  of  the  continent,  but  rather  as  a  succession 
centres  of  disturbance,  a  fact  which  has  been  amply  proved  within 
5  American  territory. 

Thus  what  are  known  as  tho  Rocky  Mountxiins  at  the  head  of  tho 
Lasouri  are  rounded  off  to  the  north  and  south,  losing  their  charac- 
r  of  a  lengthened  range  in  that  of  a  mass  of  mountain-coimtry. 
In  like  manner  the  Rocky  Mountains  ^vithin  the  British  territory 
ist  be  looked  upon  as  a  mass  with  its  longer  axis  Ipng  N.N.W. 
d  S.S.E.,  with  which  the  main  strike  of  the  strata  confonns. 
Geological  Structure. — ^Therc  are  throe  of  these  great  longitudinal 
leys  that  are  more  persistent  than  tlie  others,  each  of  which  marks 
ihange  in  the  formations  which  compose  the  mountains.  As  far 
6t  aa  the  first  of  these,  the  structure  of  the  mountains  may  bo 
derstood  from  the  sections*,  figs.  11  &  12.  The  strata  are  of  thick- 
ided  limestones.     These  limestones  are  of  dark  and  light-blue 

^  All  these  sections  are  merely  diagrams  combining  the  results  of  detached 
orationB. 
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colour,  crjatalline,  compact,  or  chertj,  with  fossils  that  are  c 
boniferous  age.     In  the  sections  these  limestones  are  Lett 


l^s 


Along  with  them  are  softer  beds  of  gritty  sandy  shale,  genen 
red  or  pnrple  colour ;  and  the  irregular  d]sint^ratio&  of 
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two  groups  of  strata  produces  the  rugged  appearance  of  this  range, 
tbe  mountains  being  in  general  formed  by  masses  of  s}iiclinal  folds, 
while  the  valleys  mark  anticlinal  fractures.  The  valley  between  the 
fint  and  second  range  marks  a  great  trough  in  the  strata  in  which 
pitches  are  preserved  of  chocolate-coloured  ferruginous  shales  with 
heds  of  grit  and  layers  of  ironstone,  and  which  are  the  same  seen  in 
the  ahove  sections  resting  on  the  flanks  of  the  limestone  mountains, 
Wonging  to  a  more  recent  formation,  and  to  which  I  have  previously 
ittnd^  (p.  427).  In  the  second  range  we  have  the  same  limestones 
ttd  ahales  repeated  as  in  the  first ;  but  at  the  base  I  observed  traces 
U  a  magnesian  limestone  of  a  buff  colour,  containing  Atnjpa  reiicu- 
^f  a  true  Devonian  fossil  (c,  fig.  11).  Towards  the  west  this  range 
^'^^^fpfh.ere  in  the  mountains  presents  a  sheer  wall  of  vertical  lime- 
'^y  the  ragged  edge  of  the  beds  forming  the  Saw -back  llange. 
Qe  change  in  the  look  of  the  mountains  that  now  takes  place]^ay 
^  ^eU  seen,  as  on  Bow  Eiver  in  fig.  13,  where  the  east  side  of  this 

fig.  13. — Shetcfi  of  (he  Second  Great  Valley y  <m  Bow  River , 
in  the  Rocky  Mountains, 


ulej  consists  of  vertical  strata,  while  on  the  west  side  the  moun- 
'^s  are  formed  of  cubical  masses  of  strata  tliat  are  almost  horizontal. 
^^s«  are  of  hard  quartzite-sandstone,  passing  into  conglomerate, 
•^  capped  by  hard  limestone,  with  the  ferruginous  shales  resting 
^Uquely  on  tiieir  sides  at  the  line  of  fracture.  At  the  source  of  the 
"^Pe-stonc  Creek  the  mountains  form  part  of  the  second  range, 
^d  there  I  procured  some  fossils  that  have  been  distinguished  by 
'5'*  Salter  as  Orthis,  Lingula,  Euomphaliis,  and  from  the  limestone 
^^Acttrotion,  which  are  either  Carboniferous  or  Devonian.  On 
^^  Athabasca  River  gneissoid  rocks,  traversed  with  quartz-veins, 
^i^  observed  to  form  the  floor  of  the  second  longitudinal  valley,  and 
^  descending  the  valley  of  Yermilion  lliver,  and  also  that  of  Blao- 
^Jly  Eiver,  talcose  shales  wore  met  with  also,  forming  the  floor  of 
•^^  valley  («,  figs.  11  &  14).  On  Kicking-horse  lliver  in  the  thii-d 
^^Uge,  we  have  the  mountains  again  formed  of  blue  limestone,  to- 
other with  a  compact  blue  schist  with  red  bands,  giving  a  curious 
^ped  aspect  to  the  rock.  This  schist  or  slate-rock  forms  the 
^hest  points  of  the  mountains  in  the  above  district  (d,  fig.  14). 

The  third  longitudinal  valley  is  that  in  which  the  Columbia 
«ld  Kootanie  Rivers  flow  in  opposite  directions  parallel  with  the 
^ge.  Along  the  eastern  shore  of  the  Columbia  Lakes  we  find  the 
fountains  again  composed  of  the  Carboniferous  limestones  which  form 
he  eastern  ranges,  but  resting  unconformably  on  slates  («,  fig.  14). 
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At  the  suiirco  of  the  Ni»rth  Sji.skalcliewan  the  niountaiiLs  an*  tiit 
iiiassivo,  and  arc  priiiripally  composed  of  a  deep-Uue  compact  limc- 
8toiio,  that  ofton  cont;iins  nodules  of  iron-pyiites  (>,  tig.  14).  A  few 
spt'cinions  oX  Atnipa  (rttinthins'f)  and  AtJnfris  lead  Mr.  Salter  to 
n^gard  these  linu'stoneH  as  Devonian.  To  the  west  of  the  gn-at 
(V)linubian  vaUev  the  strata  were  only  seen  in  descend in{?  the  Koo- 
tanie  Kiver,  as  shown  in  tlie  section,  iij?.  1 4.  That  river  )»n-aks  thmugh 
u  Kuecessiijn  of  well-detine<l  nmges  that  never  risi^  to  any  gitat 
altitude,  and  are  conii)«»sed  of  dark  schists  (<■').  traverwNl  hy  qiurtz- 
veins,  the  whole  forming  l>eautifully  developed  Hexuros.  Some 
miles  east  of  1  duller  l^ake  the  slates  (e)  were  again  seen  underlyin? 
the.se  schists,  and  at  that  i)lacc  commences  a  distinct  of  i:ranitif^ 
country  (/),  wIuto  mount  a  in -ridges  rise  as  rounded  niassi*  to  llic 
height  of V<M>  to  lniM>  feet  above  the  general  level.  ! 

Towards  Fnrt  Col  vile   the   Kidlesi)ollem   Mountains    Ix^und  tho 
Columbia  to  the  east,  and  are  fonne<l  of  qu:irtzi»se  slates  in  thin 
iK'ds,  limestone  partly  altei-ed.  and  serpentine.     At  the  south  end  '^f 
the  Kulespellem  Mountains  the  great  trap-floes  of  the  Columbiiui 
Plains  commence,  and  are  :here  seen  to  overlie  the  granite  and  othtT 
strata,  tilling  up  the  hollows  in  their  .suiface. 

The  horizontal  extent  of  these  lava-tloes  is  tnily  wonderful  s** 
they  occupy  nc^arly  the  whole  surface  of  the  great  Columbian  De.'C-rt 
without  any  chain  of  mountains  or  peaks  existing  to  which  thei^ 
origin  can  be  referred. 

This  great  jdain  is  frcfiuently  cut  by  chasms  500  to  (»oO  feet  deep- 
the  sides  of  which  expose  stmtum  after  stratum  of  thin  lavas  intef" 
calated  with  softer  tufaceous  beds,  the  whole  being  quite  horizonti*^* 
The  lava-tloes  have  often  a  columnar  structure,  especially  in  tl^*^ 
neighbourhood  of  dei)ressions  in  the  plain,  such  as  Sil-kat-kiva  Lak^- 
which  probably  mark  the  position  of  ancient  cniters.  At  si>me  point* 
uj)  Snake  River,  American  parties  have  procured  Tertiary  f««silsfioit> 
the  tufaceous  limestone  that  luiderlies  these  btusalts. 

The  whole  way  to  the  Dalles  the  Columbia  flows  thnnigh  *^ 
enormous  chasm  in  these  stratified  lavas  and  tufas,  giving  rm  ^'* 
most  wonderful  scenery.  Otten  the  whole  of  this  might>'  river  i* 
compressed  l)etween  i)erpendicular  walls  of  basalt,  but  ^lith  « 
channel  of  such  depth  that  its  treacherously  swift  current  pivj^orvt^  * 
glassy  surface. 

CA.SOADK  RANGE. 

Where  the  C-olumbia  breaks  through  the  Cascade  Range  ther* 
is  a  great  rapid  rather  than  a  fall,  from  which  the  nn«B- 
tains  have  derive<l  their  name,  and  connected  with  the  fonnati'* 
of  which  there  is  an  old  Indian  legend.  The  river  from  t« 
Dalles  to  this  point,  a  distance  of  forty  miles,  is  ulniust  withwi 
cun-ont,  and  bounded  by  a  peri)endicular  wall  of  mountmns  on  dthf 
hand,  and  the  story  is,  that  at  one  time  the  river  had  a- uniformly »«* 
current  the  whole  way,  and  that  where  the  Cascades  now  art.  i» 
thcnpas-sed  imder  a  gigantic  natural  arch  that  crossed  from  side  \fsA 
of  the  chasm.  During  a  great  earthquake  this  arch  fell  dows.o^ 
now  remainft  as  \\\e  eWVu  o^  v^tiw^  ^c:x<^w  the  head  of  the  Ctecdkifc 
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whilo  the  river  has  gradually  carried  down  the  fragments  so  as  to 
form  the  long  rapid.  The  river  was  thus  dammed  back  all  the  way 
to  the  Dalles,  and  submerged  the  forests  along  its  banks,  the  stumps 
of  which  are  still  to  be  seen  sticking  out  of  the  water  at  a  distance  of 
■cveral  hundred  yards  from  the  shore.  The  stumps  of  the  submerged 
trees  are  of  a  species  that  never  grows  near  water ;  and  as  the  other 
conditions  of  the  story  agree  remarkably  well,  I  am  inclined  to  think 
there  may  be  some  truth  in  it.  It  was  told  me,  as  we  were  passing 
the  spot,  by  a  fellow-passenger  who  had  been  a  long  time  among 
the  natives  as  an  American  Indian  agent ;  and  I  have  since  heard 
rt  from  gentlemen  who  have  been  twenty-five  years  in  that  country 
in  the  Hudson  Bay  service. 

In  descending  from  the  Cascades  to  Vancouver,  stratified  rocks 

•TO  seen  perched  on  the  flanks  of  the  mountains,  among  which 

»  a  group  of  strata  of  a  bright  vermilion  colour.     Along  the  valley 

of  the  river  there  are  also  strata  of  tufaceous  sandstone  and  clay 

^lich  are  only  slightly  disturbed.     At  the  Cascades  the  beds  attain 

»  oonsiderable  thickness  and  contain  large  fi-agments  of  silicified 

^wd.    The  scenery  of  tho  Lower  Columbia  before  reaching  the  flat 

«rtrict  around  Fort  Vancouver  is  exceedingly  fine,  the  river  pass- 

""^i  sacccssively,  bold  promontories  more  than  1000  feet  in  height, 

•nd  sometimes  under  lines  of  cliff  over  which  rivulets  pour  as  cas- 

J'des  from  a  height  of  600  feet.     Between  tlie  Olympic  or  Coast 

**nge,  which  stretches  to  Capo  Flattery,  and  the  Cascade  llange,  tho 

^^t  valley  of  Puget  Sound  is  continued  south  as  far  as  latitude  44°, 

Jj*t  as  far  as  the  Columbia  River  by  the  Cowlitz  Valley,  and  then  by 

***•  Valley  of  the  Willamette,  and  presents  a  long  strip  of  valuable 

J^tiy,  which  forms  the  only  good  part  of  Oregon  and  Washington 

•^'^tories.    The  River  Columbia  crosses  this  strip  of  country,  only 

jwtfbrming  to  its  direction  for  a  short  way  from  Vancouver  to  the 

0>irUtz. 

Of  the  Olympic  Range  I  believe  nothing  is  known ;  but,  as  viewed 
"Oin  Paget  Sound,  the  outline  of  these  mountains  reminded  me  in  a 
•*^4ing  manner  of  that  of  the  exterior  ranges  of  the  Rocky  Moun- 
™^,  where  they  are  composed  of  plications  of  stratified  rocks. 

I  have  previously  mentioned  the  metamorphic  rocks,  with  beds  of 
jy^talline  limestone,  that  form  the  mass  of  Vancouver  Island ;  and 
™^  farther  interesting  details  respecting  the  south  end  of  the  island, 
^•^nce  may  be  made  to  Mr.  Bauerman's  paper,  published  in  the 
Bo<S«ty'8  Journal,  Nov.  1859. 


April  24,  1861. 

Daniel  Mackintosh,  Esq.,  Chichester,  and  Richard  Payne  Cotton, 
lU).,  F.R.C.P.  Lend.,  46  Ckrges  Street,  Piccadilly,  were  elected 
lUlows. 

The  following  communications  wei*e  read  : — 

TOi.  XTII. ^PABT  I.  2  H 
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1.  On  the  Occxirrenct  of  the  Cyrena  flumixaus,  togeiJur  with  Mardts 
Shells  of  Recent  Specifjj,  in  Beds  of  Sand  and  Gravel  over  6«/i 
o/BoiTLDER-cLAY  ncor  Hull  ;  with  an  Account  of  some  Bomsasand 
Well-sections  in  the  same  District.  By  Joseph  PREsivicn, 
Esq.,  F.R.S.,  Treas.G.S.,  &c. 

Few  fossils  of  its  class  can  lay  claim  to  the  interest  that  h&<  at- 
tached to  the  Cyrena  fluminalis.  This  small  hiralve  shell,  described 
in  1834  hy  Mr.  Searlcs  Wood  as  the  Cyrena  trigonnla  of  the 
Norwich  Crag,  and  afterwards  identified  with  the  C.  consobrim  of 
Caillaud,  now  lii-ing  in  the  Nile  and  parts  of  Asia*,  has,  from  the  cir- 
cumstance of  its  occurrence  in  hods  of  well-defined  position  beneath 
the  Boulder-clay  of  Norfolk,  been  ranked  as  pre-eminently  a  pne- 
glacial  sheU,  and  as  the  associate  of  the  Hip^opotamtu  major  and 
Elephas  antiqxtus. 

On  the  strength  of  the  pala»ontological  argument,  certain  isolated 
beds  containing  the  same  Cyrena,  including  more  es])ecially  the  well- 
known  deposits  of  the  Thames  Valley,  the  immediate  relation  of 
which  to  the  lioulder-clay  is  not  apparent,  were  referred  to  the  same 
pra?glacinl  period.  The  late  Mr.  Trimmer,  Mr.  Morris,  and  myself 
have,  however,  always  held  a  different  opinion,  inclining  to  the  behef 
that  these  latter  deposits  were  of  later  date  than  the  Boulder-day. 
Our  reasons  being  mainlybased  upon  the  general  physical  phenomena, 
and  wanting  the  more  positive  preof  of  superposition,  the  age  of  these 
deposits  remained  a  point  at  issue  between  geologists  and  palax)nt'> 
legists.  But  if  the  determination  of  ago  were  already  desirable  on 
the  abstract  geological  question,  it  is  now  of  much  more  importance 
in  consequence  of  the  circumstance  of  the  same  Cyrena  having  lately 
been  found  in  the  neighbourhood  of  Abbeville  in  the  beds  of  sand 
and  gravel  containing  Flint  Implements f. 

So  much  of  the  palsoontological  argument  as  hinges  on  the  occtir- 
rence  of  the  Elephas  antiqmis  in  these  beds  has  lost  its  weight,  inas- 
much as  this  species,  instead  of  occurring  invariably  in  beds  beneath 
those  containing  the  Elephas  primigenius  and  always  apart  from  it, 
has  now  been  found  associated  with  it  in  pasitions  which  leave  little 
doubt  of  their  original  contemporaneity.  The  E.  antiquus  may  hai% 
lived  before  the  E,  primigenius ;  but  it  certainly  apx)ears  to  have  livid 
on  to  the  period  of  the  latter  species,  which,  the  evidence  I  haw 
collected  goes  to  show,  was  probably  not  introduced  into  this  connti; 
until  after  the  Boulder-clay  period. 

The  Cyrena y  although  found  in  various  bods  supposed  tobenemc 
than  the  Boulder-clay,  could  not  be  preved  in  any  of  these  cases  to 
be  newer  by  direct  superposition.     In  the  course  of  last  summer* 
however,  I  obtained  proof  of  its  presenc^j  in  beds  considerably  higher*^ 
at  all  events,  than  the  Mammalifereus  or  Norwich  Crag.  I  had  visited 

*  See  the  account  given  of  the  rang©  of  tlio  liring  shell,  by  Mr.  Woodwar*— 
in  the  Zool.  Proc.  IH'MJ,  p.  187. 

t  Tlio  first  Cj/retm  found  there  I  took  out  of  a  hod  of  sand  overljingabed  ^ 
■ubangular  fiint^,  in  which  I  at  the  same  time  found  throe  flint  fliil»  or  kmr- 
larger  lance-hcad-shAi^ed  flint  implements  have  been  found  in  a  itill  lower  1 


of  gravel  acUoining  the  town-walls.    Four  more  Bpecimens  of  the  (hfreiu  faa^^ 
•inoe  been  found  in  some  sands.  (See  section  in  the  Phil  Tranab  for  IWK  !»•  ^^^^ 
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and  examined  the  Boaldor-day  of  the  Yorkshire  Cliffs,  when 
ttention  was  drawn  to  the  single  valve  of  a  Cyrena  fluminalis, 
ical  with  the  Grays  species,  in  the  fine  collection  of  organic  re- 
B  of  Mr.  Leckenby,  of  Scarborough,  and  long  known  to  Mr  Morris. 
Leckenby  informed  me  that  it  came  from  the  shelly  gravels 
ibed  by  Professor  Phillips  near  Hull,  where  it  was  not  rare, 
staining  to  Hull  and  following  the  instructions  given  in  Prof, 
ips's  *  Geology  of  Yorkshire '  (vol.  i.  p.  23),  I  found  my  way 
ly  to  the  gravel-pit,  one  mile  south  of  Eidgemont  near  Hedon, 
in  described.  Professor  Phillips  gives  a  list  of  eight  shells 
this  locality,  and  also  notices  the  common  occurrence  of  another 

which  he  could  not  refer  to  any  then  described  species,  and 
h  proves  to  be  this  Cyrena,  The  section  is  small ;  and  although 
uperposition  of  the  beds  is  not  shown,  they  are  justly  inferred 
?rof.  Phillips  to  be  closely  connected  with  the  Boulder-clay. 
le  S.W.  of  this  pit  are  several  old  pits,  now  nearly  obscured,  to 
h  I  shall  revert  presently.  My  attention  was  then  directed  to  a 
» ballast-pit  on  the  Hull  and  Holdemess  Railway,  one  mile  S.S.W. 
the  above-mentioned  pit,  and  S\  miles  eastward  of  Hull.   There 

name  given  to  the  spot  on  the  Ordnance  Map,  but  locally  it  is 
m  as  "  Kelsey  HilL"  The  section  at  this  spot  is  extremely  in- 
ting.  It  exhibits  great  beds  of  coarse  gravel  and  fine  shingle 
stratified  roughly  and  irregularly  with  bods  of  sand — ^the  whole 
light  colour,  and  with  much  oblique  bedding.  In  places  there  are 
lellB  ;  in  other  places  they  are  most  abundant  The  following 
ons  give  the  general  characters  of  the  deposit. 


Section  at  the  East  End  of  tJie 
Ballast-pit,  KeUey  Hill, 

N.E.  S.W. 


le  gravel  in  the  upper 

consists  of  subangidar 
I  with  pebbles  of  the 
•  rocks,  but  the  latter 
a  far  larger  proportion  in 
ower  part  of  the  section, 
)  beds  consisting  almost 
■ely  of  small  boulders  of 
its,  greenstone,  quartz, 
hyiy,  mica-slate,  lime- 
3By  sandstones,  lias,  and 
chalk,  together  with 

large  flints*.    They  are 

)st  all  worn   and  sub- 

dar,  and  many  are  per- 

y  rounded.     Some  spe-  a.  Gravelly  soil. 

OB   are  above   a  foot  in  6.  Bather  ooww  gravel. 

41.       A  A>«,  ^4?  *.\.^  i;^,^  C'  °*^d  and  fine  gravel. 

th.     A  few  of  the  lime-  ^  ^^^^^i  eompoiKi  of  small  rounded 

e  blocks     retain     faint  boulders  mixed  with  shells,  5-6  feet. 

3S  of  glacial  scratching.  e.  Light-ooloared  sands,  with  shells, 

y  of  the  blocks  of  chalk  ^^^^1  ^  fragments. 

Irilled  with  Annelid  borings  and  perforated  with  the  holes  of  the 

08  crispata.    Some  few  of  the  rock-blocks  and  many  of  the  large 

See  *  Geology  of  Yorlcshire,'  2nd  edit  p.  20-23,  for  fuller  details  of  the 
kMrioal  eharaoter  of  the  strata. 
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flints,  however,  arc  anpriilar.  Tlie  large  gravel,  d,  contains  ^ 
sand  in  the  interstic<>s  between  the  boulders  a  certain  numbc 
shells  hereafter  named*. 

Towards  the  central  part  of  the  pit,  now  in  course  c 
worked,  the  gravel  is  finer  and  the  shells  more  numerous  8 
fi»ct.  So  abundant  are  the  shells  and  so  regular  the  bedding 
the  following  section  the  deposit  has  quite  a  Crag-like  app« 

Some  3  or  4  feet  of  a  larger  and  coarser  gravel  has  been  : 

Section  chm^adjommn  the  BmJway  at    ^^"^  tM,^^.^  f  ^^ 
the  Balhst^pH,  Kehey  Hill  ^^  ^^^^  in  6  arc  e 

s.w.  S.E.      ^^'  numewus.— the 

Ft.  ■-*   --'---  - 1|-  -   ^^^f^ >^...........l.i;      Cardium,Mactra,  B\ 

^^•^^^z^^J^^'^^^^^C '■  a  Littorinay     Knssa, 

^  ^  aayrSaeSte^nT:^;^^  ly  y^^^^^  ^n  abundan 

[S:g^^^g^^^^:g^^;;>  of  the  others.    The. 

fi j:vC  ~'  •  T  '^"'^JbisJ^"!^ ''^^^^^^  Mure.v,  and  Fusits  i 

.,  iN^^^^^^;- ■""^,J^'^#|^'^  Almost  all  the  sh 

r^^^-*/    ^^j.^/^*^^        ^"^f^ic  worn,    and    have 

ll  .     /.^.     --..      ,^^s^_"*^      '-,..'•  pearanc^    of    havu 

ft.  Gravel  and  sand.  dead    shells   cast   I 

b.  Fine  gravel  and  sand,  with  veins  of  beach  or  a  bank 
«>al.Bmut,  fuU  of  diells  j^^  „„  "  ^ 

c.  Sand  and  gravel,  m  oblique  layers  .,  .     ,  t  .  . 
and  with  fewer  ehells.  the  univalves,  whicl 

the  moat  part  more 

broken,  especially  the  large  Buccinum,     Generally  the  shell 

little  decomposed,  many  of  them  retaining  even  some  of  thei 

T  am  indebted  for  the  following  revised  listt  and  remarks  \ 
Gwyn  Jeffreys,  F.R.S.,  F.G.S.,  &c. 

MOLLUSCA. 

[These  are  alphabetically  arranged,  but  aecordine  to  the  nomenclature 
and  Hanley.    The  species  mark^  with  an  asteri^  are  not  in  tlieir  Usl 

No.  Species.  Remarks  on  the  compai 

frequency,  &c 
Bivalves. 

1.  Anomia  ephippium Asinglevalve,noticedbyMr.I 

2.  Astarto  compressa   A  fragment 

3.  Cardium  edulo Common :  the  ordinary  fonii 

*  Another  locality  mentioned  by  Professor  Phillips  is  Brandeebortoi 
northward  from  Ki>lscy.  I  had  not  time  to  visit  this  place,  but  my  J 
Smith,  of  Hull,  has  recently  been  there,  and  he  reporta  to  me  that  1 
forms  a  ridge  of  low  hills  which  have  been  worked  for  oeuturies.  Attl 
open,  shells  are  very  scarce.  The  specimens  he  lias  sent  me  are  onlyj 
ments  of  Cardium  edule,  Tillina  soiidu/a,  and  Pholas  critpata  (?).  Ti 
however,  is  important  as  showing  more  distinctly  than  at  Kelsey  Hill 
position  of  the  gravels  in  the  BoiUder-clay ;  for  at  the  yillago  a  deep  wri 
sunk,  which,  ailer  passing  through  the  lower  10  or  12  feet  of  grmvd,  tn 
feet  of  olay  with  stones  (Boulder-clay) ;  below  this  was  a  bed  of  flurtri 
then  the  Chalk  at  a  depth  of  about  ^  feet 

t  This  list  itmoTe  oopvo\ia\!basi\b&  qtiq\%s^  ^^^  vc^>aUie  i 
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Species.  Bemarks  on  the  comparative 

frequency,  &c. 
Bicidres. 

iium  edule^  var An  ostuarine  or  brackish-water  fomi ; 

more  produced  at  the  anterior  side 
and  thinner :  less  ftequent  than  the 
last  *. 

lula  nucleus    Rare. 

nna  Islaiidica  t A  fragment. 

!na  fluminalis,  MiiUer  . .  Abundant.  Corhicula  Jluminalis  of 
conch ologists.  Sonic  specimens  are 
larger  than  recent  ones  of  the  same 
form. 

tra  solida  Not  common :  a  small  variety,  inter- 
mediate between  this  species  and  3/. 
eUiptica  of  Brown,  which  I  consider 
a  variety  of  it. 

—  subtruncata Not  common.   The  lateral  teeth  in  this 

and  the  last  species  are  perpendicu- 
larly striated,  as  in  Cf/retta, 

,  var Hare.     The  Irish  deeply  striated  form. 

truncata    Two  fragments. 

ilus  edidis A  few  fragments. 

ila  nucleus    A  fragment. 

ia  edulis  llather  common :  not  of  any  size.  Ap- 
parently an  estuarine  form. 

as  crispata A  few  fragments. 

na  solid ula    Very  abundant,  but  not  of  any  size. 

IS  striatula A  smgle  valve. 

Univalres, 

nnum  imdatum Very  abundant :  a  northern  form,  hav- 
ing the  ribs  more  obliquely  carved. 

:alium  entalo Not  common. 

18  gracilis,  Da  CosUt A  fragment.     This  is  the  F.  Mandicus 

of  Forbes  and  ITanlev,  who  appear 
to  have  mistaken  Da  Costa^s  species 
for  the  F,  Ishftdicus  of  Chemnitz. 
These  species  are  very  distinct. 

antiquus,  var.  despectus  .  An  immature  specimen  and  a  fragment 
of  another.  In  this  country  it  occurs 
only  in  the  soutli  of  Ireland  and  in 
Zetland. 

just  made  by  Mr.  Jeffreys  of  my  original  coroction,  as  well  as  of  a  fiu*- 
eollected  by  Mr.  Smitli,  and  sent  me  only  a  few  days  since.  It  will  bo 
y  observations  which  follow  those  of  Mr.  Jeffreys,  and  which  remain 
fore  stood,  that  our  conclusions,  wliich  are  based  u^^on  independent 
re  in  very  close  agreement. — ^2 1st  Oct.  1861. 

\  M* Andrew's  Report  to  the  British  Association,  in  1850,  on  certain 
perations,  he  says  (p.  134),  "  Near  Tunis  a  narrow  neck  of  land  divides 
•m  a  shallow  salt-water  lake,  at  the  Iiead  of  which  the  city  of  Tunis  is 
m  the  one  side  of  this  neck  of  land  (that  facing  the  bay)  all  the  speci- 
irdium  edule  were  strong,  triangiUar,  and  with  few  ribs,  wliile  on  the 
towarda  the  lake,  they  were  thinner,  wider,  and  much  more  numerously 
'he  northern  varieties  attain  the  largest  size."— J.  G.  J. 
nay  liave  been  washed  out  of  some  of  the  lower  KhU  of  tlie  liouldor- 
J  such  fra^fments  are  often  eommon.  So  also  the  fragment  of  Aotarfr 
-J.  P. 


23. rudis q^ 

u 

,^- MMgelJa  nobiilB ThS^J 

^'  — pyramidalis,  Strom.  Two  ; 

Irt   ^TZ .*"^«»'»  Setw 

•tfo.  iuurex  eruoceus A  frfu 

2e.N««aMic«l«te   F,^ 

J  T^ar,  sealtt-  (  ^ 

»^    T„  ,.       ,  riformifl  f  ^°^  *I 

30.  Nfttica  dauae,  i?n,rf,  |.  Sm^. . !  A  fei* 

^^'  Groeiikadica,  Betk  ,  ,   Three 

^^»  — —  helicoidoa  . . ,  _ Bm^ 

^'  nitida  ..,,._  w^*  ^  ' 

84.  Purpura  lamllu.    ,,.:;::"-   Verv2 

^86.  Riaaim  Woea ;.:;.:  a  SJ! 

•30.  eabumbilicatal  Mont.'  Twow 

riae 

.£•  Twpton  eUthrshim    a  S' 

•TO GuMipri,  Z/irA. ....  Two  SI 

*J.    lumtellAiVimitiittn'o  fH_.    JF 
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itaary  and  river  were  inhabited  by  the  Eissocb,  Lacuna  vincta,  the 
uiety  of  Cardium,  TeUina  solidula,  the  Oyrena  (or  Corbicula), 
ad  probably  the  Ostrea ;  the  shellfl  being  carried  down  into  the  sea 
J  the  river. 

"2nd.  Below  the  beach,  referred  to  underneath,  a  belt  of  loose 
»ne8  of  different  sizes,  with  patches  of  mud ;  and  here  lived  the 
^firpura,  MytUus,  Nassa,  Littorinof,  and  Balanus. 
"  3rd.  An  exposed  patch  of  chalk,  which  produced  th«  Pholas, 
**  4th.  A  wide  and  deep  patch  of  sand  with  gravelly  mud,  inha- 
ted  by  the  typical  Cardium,  the  Mactrcs,  and  the  Mya.  Only  un- 
^ered  at  low  spring-tides. 

"  oth.  Seaward,  at  a  depth  of  from  20  to  30  fathoms,  and  at  a 
tance  of  not  more  than  two  or  three  miles  from  the  shore,  where 
^  ground  was  sandy,  we  might  expect  to  find  the  Buccinum,  Fust, 
^iecB,  Corbula,  Nucula,  Astarte,  Venus,  Dentalium,  Lacuna  crassior, 
lety  of  Mactra  subtruncata,  the  Tropha,  and  Mangelias.  All 
Qe  were  within  the  range  of  the  tidal  current,  and  may  have 
-n  thrown  up  on  a  pebbly  beach,  which  would  account  for  their 
lerally  broken  and  rolled  condition." 

tn  addition  to  the  above  I  may  notice  the  occurrence  of  a  few 
sJUJUh  vertebras  and  of  annelid  borings  in  the  pieces  of  chalk.  I 
3  informed  that  some  large  bones*  had  been  found  two  or  three 
us  since ;  but  the  only  trace  of  bone  I  found  was  an  undetermi- 
ble  fragment  reduced  to  a  pebble-form. 

lS  it  would  appear  that  none  of  the  shells  are  in  their  original  habitat, 
lecomes  a  question  whether  they  are  all  contemporaneous,  and  of  the 
le  date  as  the  gravel  in  which  they  are  imbedded.  With  one  or 
)  exceptions  I  am  inclined  to  answer  in  the  affirmative.   The  shells 

alike  in  mineral  condition,  and  they  show  the  same  amount  of 
ar.  They  do  not  seem  to  have  been  transported  far,  or  subjected 
very  much  rolling  about.  If  any  had  been  washed  out  of  an  older 
f,  then  we  should  look  for  more  or  less  difference  of  wear  and  of 
aeral  condition  between  such  introduced  specimens  and  the  more 
ent  specimens ;  but  no  such  distinctions  are  apparent.  Ail  the 
•dee,  with  the  exception  of  the  Cyrena,  are  such  as  might  live  in 
)  same  sea,  and  have  the  ordinary  appearance  of  dead  shells  cast 

on  a  gravelly  bank  or  on  a  beach.  The  Cyrena,  however,  being  a 
shwater  shell,  must  either  have  been  washed  out  of  an  older  deposit 
else  carried  out  to  sea  from  the  rivers  which  it  inhabited.  With 
s  fossil  also  there  is  nothing  on  the  score  of  wear  and  mineral  con- 
ion  to  distinguish  it  from  its  present  marine  associates.  As  these 
ter  indicate  a  certain  amount  of  transport  and  intermingling  by 
rine  currents,  the  same  cause  has  in  all  probability  operated  ^ong 
>  whole  littoral  area  and  caused  the  intermingling,  not  only  of  the 
)1Ib  of  different  zones  of  depth,  but  also  of  those  brought  down  by 
earns.     That  there  were  such  freshwater  streams  in  the  vidnity 

^  Professor  Phillips  montions  the  oocarrenoe  of  the  tusk  of  sn  Elephant  in  simi- 
bedt  at  Brandesburton  (Qeology  of  Yorkshire,  2nd  edit  yol.  i.  p.  22). 


w. 


Section  at  the  west  end  of  t 


ao 


Taking  this  aeotioii  is  oonjuiiotio 
atbioknem  of  60ftet  of  ands  and  g 
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B  line  of  water-level  was  reached  at  a  foot  or  two  below  the 
>f  the  pit.  Boring  was  then  tried,  when,  owing  to  the  variable 
ten  very  coarse  Btructure  of  the  gravel,  the  first  workmen  gave 
in  despair.  It  was  resumed  again  at  a  later  period  with  the 
ig  assistance  of  Mr.  Monkman,  the  manager  of  the  Holdomess 
whose  property  the  pit  is.  Wo  had  hoped  to  find  the  base  of 
avel  at  a  depth  of  10  to  12  feet ;  whereas  after  penetrating 
lifficulty  to  a  depth  of  36  feet,  always  in  the  gravel,  but  the 
bed  more  argillaceous,  the  work  had  to  be  abandoned.  These 
8  at  Kelsey  HiU  gave : — 

Boring  at  Kelsey  HiU, 

nencing  at  the  f  ^^  "^^  «^^«^  ^^  ^^^ J  ^^ 

^7u     ^-         larger  eravel 16    ,, 

eofthe-cchon    s^^^^«^^^  8    " 

wnatp.*»      [Larger  gravel  in  grey  loam  (Boulder-clay  ?)_8    „ 

36  „ 
Lay  observe,  that  although  we  failed  to  obtain  the  desired 
proof  at  this  spot,  yet  at  places  close  adjacent,  and  on  the  same 
artesian  weUs  have  been  sunk  which  invariably  pass  through  a 
r  or  lesser  mass  of  Boulder-clay  before  reaching  the  water- 
g  beds  of  sand  or  the  chalk*. 

mtion  was  now  turned  to  Paull  Cliff,  to  ascertain  whether  or 
0  day  exposed  at  the  base  of  the  cliff  belongs  to  the  Boulder- 
Such  proves  to  be  the  case ;  for  in  digging  below  the  base  of 
ff,  Mr.  Smith  soon  found  the  clay  to  become  stony,  and  the 
tens  ho  has  sent  me  have  the  ordinary  aspect  of  the  Bouldcr- 

Section  at  PauU  Cliff. 


Soil  and  iilty  gravel 8  feet. 

Sand  and  gravel  with  shells 12    „ 

Sandy  dark-coloured  clay  without  "I  ^ 

stones /  ^    " 

Clay  with  stones  (Boulder-clay). 


section,  at  a  short  di- 
noe  from  the  sect.  p.  452 

>n  obtained  by 
the  foot  of  the  d 

king  therefore  at  all  the  conditions  of  the  case,  I  feel  satisfied 
lese  gravels  with  the  Cyrenafluminalis  overlie  the  great  mass 
Ider-clay  of  Holdomess.  The  question  then  arises  as  to  who- 
lese  shelly  gravels  belong  to  the  Boulder-clay,  or  whether  they 
parable  from  it ;  and  on  this  point  the  evidence  is  not  quite 
iilthough  I  am  now  more  inclined  than  at  first  to  consider  it 
ily  conclusive.  As  observed  by  Prof.  Phillips,  there  are  places 
coast  where  patches  of  sand  and  gravel  are  seen  intercalated 
clay,  whilst  inland  the  gravels  form  isolated  hills,  and  the 

Hull  the  section  of  a  well  given  by  Professor  Phillips  shows  a  dearer 
on  of  the  beds,  these  bein^ — 

Alluvial  accumulations 32  feet. 

Boulder-clay   36    „ 

Sand 26    „ 

Chalk  J16    „ 

110    „ 
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development  of  gravels  to  the  westward,  to  incline  me  to  believe  that 
these  heds  are  to  be  referred  to  the  upper  part  of  the  Boulder-clav. 
The  shells  are  all  of  recent  species,  and  33  out  of  the  40  are  still 
found  on  the  Yorkshire  coast.  Nevertheless  the  presenco  of  such 
species  as  the  Natim  clnusa,  N,  Orcenlandicfiy  Tixtjihon  Gvmieri,  T. 
SMlariforme,  Mangelia  j^yfctmidalis,  and  Littorina  sqwdkla^  wliich 
have  a  wide  northern  and  Arctic  range,  indicates  colder  conditions 
than  those  now  prevailing  on  these  shores,  and  more  in  accordance 
with  what  we  know  of  the  fauna  of  this  portion  of  the  Post-plio- 
cene series. 

I  have  extended  this  communication  to  greater  length  than  I  in- 
tended»  my  object  having  been  to  make  known  a  very  remarkable 
locality  well  deserving  of  further  research,  and  which  has  an  im- 
portant bearing  upon  some  questions  stiU  under  discussion.  I  reserve 
the  more  theoretical  questions  connected  with  the  origin  and  cor- 
relation of  the  strata  to  a  future  more  general  inquir}-. 

P. 8.  I  annex  a  series  of  sections  sent  me  by  Mr.  Smith,  of  borings 
along  the  line  of  railway  from  Hull  to  the  sea  at  Withernsea,  and 
passing  through  Kelsey  Hill,  which  is  situated  between  Sections 
3  and  4. 


Sections  at  the  stations  along  the  JIoMeniess  Railway. 


1.  Marflcet,  2 J  miles  fron,  HuJl. 

Feet 

Warn 30 

Salt  water  Bpraug  from  *'  rotteu 
fltiiff." 

2.  Hcdon  Station,  b\  miles  from  Hull. 

Brick  clay 6 

Grey  marl  with  stones 24 

On  to  abed  of  sand  from  which 
water  sprang. 

3.  Burstwick  Station,  71  miles  from 
Hull, 

Brick  clay 7 

Strong  marl  with  "iron-stone"    ...  29 

Strong  marl  with  stones   40 

Bed  sand  giving  sufUcient  water. 

4.  Keuingham  Station,  9i  miles  from 
Hull. 

Strong  clay 12 

Marl  with  stones  3 

Sand-bed  witli  sufficient  quantity 
of  wator. 


5.   Ottringham,  11  „iiUs  when  the  Ot- 
tringham  road  crosses  the  ruilTctf. 
F«t. 

Bored  through  3D 

Strong   marl    with  stones;    not 
finding  wator,  was  given  up. 

0.   Wincsiead  Gaie-htvie,  13^  AJi/rt 

Warp 30 

Strong  red  marl    5 

Marl  with  stones  30 

Dirty  sand  containing  water. 

7.  Patrivgton  Stat  ion  ^  14  miltx. 

Strong  red  marl    30 

Grey  marl  with  stones 15 

Sand  with  water. 

8.  WUhernsea  Station. 

Clay  marl  15 

Gravel  and  sand    5 

Strong  marl  witli  stoDes  60 

Gb^  sand  and  shells    2 

fV>und  water. 


At  the  railway-stationSi  only  small  supplies  of  water  are  requind. 
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*Stmon  Fault"  in  the  Coalbrook-dale  Coalfield. 
U8  W.  T.  Scott,  Esq.,  F.G.S.,  Mining  Surveyor,  &c. 

[Plate  XIV.] 

ompriscs  observations  on  a  section  through  a  part  of 
re  Coalfield  in  nearly  a  straight  lino  from  north  to 
lencing  at  the  Greyhound  Pit,  near  the  Oakengates 
>  Shrewsbury  and  Birmingham  Railway,  and  terminating 
ice  &  Co.'s  Kalcsfield  Pits  near  Madeley ;  but  it  is  more 
intended  to  explain  the  nature  of  the  ''Great  East 
Symon  Fault,"  as  it  is  locally  called. 
jt  of  which  the  section  forms  a  part  has  been  explored 
before  this  Society  in  a  paper  "On  the  Geology  of 
lie,"  by  Mr.  Prestwich,  published  in  the  '  Transactions 
y,'  2nd  ser.  vol.  v.  part  3,  which  fully  treats  also  upon 
na  and  flora.  My  object  is  therefore  not  to  enter  into 
r  than  is  necessary  to  explain  the  true  nature  of  the 
.t,"  alluded  to  and  described  by  Mr.  Prestwich  (loc,  cit. 
r  as  the  data  then  obtained  would  aUow. 
843, 1  commenced  my  labours  in  the  district,  as  check- 
surveyor  for  the  owner  of  the  Malinslee  and  Stirchlee 
itendmg  over  an  area  of  upwards  of  1200  acres  (within 
le  on  the  Map  D,  PI.  XIV.).  Since  1843  I  have  made 
urveys  and  plans  of  the  workings  in  the  coals  and  iron- 
lave  had  opportunities  of  obtaining  details  necessary  for 

(where  the  whole  of  them  occur)  are,  in  a  descending 
•  property  referred  to — 

ft.  in.     ft.  in. 

p  Coal from  4  0  to  4  6  thick. 

df-yardCoal    16 

mbleCoal 5  0       6  0 

irdCoal    2  6      3  0 

g  Flint  Coal 3  0      4  6 

nking  Coal    3  0      4  0 

inch  Coal 2  0 

70-feet  and  Best  (separated 

•e-clay)    3  4 

mdle  and  Clod  Coal 4  0       5  0 

ttle  Flint  Coal 16      2  3 

lickness  being  somewhere  about  an  average  of  33  feet, 
ave  been  and  are  being  worked  more  or  less,  with  the 
the  Half-yard  and  Clunch  Coal ;  the  Half-yard  Coal  has 
I  in  a  small  freehold  near  Oakengates  Tunnel  on  the 
and  Birmingham  Railway,  and  there  can  be  no  doubt 
»ly,  when  the  other  and  more  profitable  coals  are 
;he  two  exceptions  will  be  worked.  In  some  parts  of 
named,  another  coal,  above  the  Top  Coal,  called  the 
,  has  been  found,  but  not  extending  over  a  large  area. 


plies)  is  princii)ally  iLScd  by  tlio  wc 
a  great  extent  at  the  blast-engii 
engines  for  tlie  boiler-lirea. 

The  ironstones  of  a  workable  no 
'  series, — 

•  1-  Blue-flat    1  V  ^,  ,  .      u  4~ 

I  2.  AVhite-flatj^^^^y^^*^ 

'■  3.  Pennystone,  lying  immediatel 

I  Above  the  Top  Coal  lies  the  Ball 

i  i  the  Yard  Coal  lies  the  Yellowstone  i 

or  got  as  far  as  possible,  when  the 
There  arc  other  chance  ironstoi 
i  associated  with  some  of  the  coals,  i 

;  them  here.     The  object  in  detailing 

1  because  they  bear  upon  the  subject 

'  under  notice. 

When  I  first  visited  the  locality  • 
Coals  were  being  worked  at  a  point  i 
one  mile  south-east  of  Malinslee  II 
1843)  the  workings  at  that  point  1 
I  as  stated,  cut  off  hy  the  Symon  fa 

formed  by  the  bailiff  who  superint 
of  the  field  "  that  there  was  good  coa 
i  the  workings  there  was,  ns  far  as  I  ha^ 

I  to  other  property,  and  the  Handle  C 

i  Symon  fault,  and  the  great  distai 

1'  then  considered  so)  from  the  shafts. 

:'  workings  in  the  Handle  and  Clod  Ca. 

one)  near  the  line  of  the  so-called  " 
r  I  sun'eyed  tlie  workings  in  the  Top 

I  near  Malinslee  Hall,  up  to  the  Synu 


:   I 


;i! 


\ 


I 
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i'    .  •    lop  Coal  to  the  bottom  of  the  Clod  Coal  being  loO  r 
L  c.  •     .  utled  that  the  Symon  fault  was  a  grudaally  denuded  siirfu 
>f  thj  c<)al -seams  and  intervening  strata,  assuming  that  the  coa 
•earns  \rerc  originally  deposited  in  a  horizontal  position  or  nearly 
this  was  before  I  had  seen  Mr.  Prestwich's  paper  and  sections). 
'I'll  slin\r  the  matter  more  clearly  to  myself^  I  obtained  from  ti* 

0  time  (tlirongh  the  kindness  of  the  bailiff  who  had  superintend 
he  biuking  of  several  of  the  pits  in  the  Malinslee  and  Stirchleo  pr 
lerty)  the  detail  of  the  strata  sunk  through  in  five  of  those  pj 
b,  c,  d,  c,  &f  on  the  section  and  map),  being  nearly  in  a  straight  lint 
learly  true  north  and  south.   I  constructed  the  Section  A,  havin 
ircviowily  ascertained,  by  levelling,  the  relative  heights  of  tl 
cvcral  pit-mouths  above  the  top-water  in  the  Shrewsbury  Canal  v 
he  «rntrance  to  the  Stirchlee  Tunnel  (the  canal  is  now  converted  into 
Bil  way ),  allowing  for  the  height  of  the  pit-mounds  as  near  as  I  coul< 

The  main  faults  (Section  A)  are  shown  from  their  generally  know 
hrow  or  vertical  displacement  and  the  depths  of  the  pits  combin< 
there  are  a  great  many  minor  faults  up  and  down,  which  are  not  shov 
»n  the  section) ;  from  the  depths  of  the  pits  the  "  dip"  or  inclinati 
)f  the  strata  is  also  derived. 

In  1856  having  occasion  to  report  on  some  property  near  Madclc 
md  immediately  adjoining  the  Stirchlee  Royalty  on  the  south, 
>bt.ained  a  detail  of  the  strata  sunk  through  at  Halesfield  Pits,  nv 
lladeloy,  which  pits  happened  to  be,  according  to  the  Ordnanoo-ma 
i'3arly  on  the  same  straight  line  (continued  from  e  through/).   Ti 
Flalesfield  Pit  is  marked  g  on  the  section  and  map,  and,  from  ti 
information  I  received  at  the  time,  I  constructed  that  part  of  tl. 
section  northwards  to  the  Limestone-fault  (j  on  section  and  map. 
Between  the  limestone-fault  and  a  Httle  south  of  pit /is  at  proseii 
unexplored ;  but  should  the  Limestone-fault  have  the  upthrow  nort]ji 
muds  of  70  yards,  as  I  have  been  informed,  there  must  be  aiiothoi 
iownthrow  fault  southwards  somewhere  in  the  blank  or  unexpl>)rcd 
part.     The  Section  A  shows  three  main  faults,  which  run  nearly 
pazallel  to  each  other  from  south-west  to  north-east  (as  shown  on 
ICap  D).    The  first,  in  Stirchlee  Royalty,  a  little  north  or  loft  of 
pit  e,  has  an  upthrow  north  of  50  yards ;  the  second,  a  little  to  the 
left  or  north  of  pit  h  (the  Lightmoor  fault),  has  an  upthrow  north 
rf  130  yards.     In  1858,  having  to  report  on  the  minerals  undi.»r  the 
Oakengates  Tunnel  of  die  Shrewsbury  and  Birmingham  Eailwnv,  L 
9l»tain^  the  depths  (to  the  coals  only)  from  the  surface,  and  the  levol 
of  the  pit  above  the  canal-water,  at  a  pit  close  upon  the  tuiiiui, 
called  the  Greyhound  Pit,  which  according  to  the  Ordnance-ma])  i.s  (ui 
a  straight  line  north  with  the  pits  c  and  h  in  Malinslee  Royalty. 

The  position  of  the  Greyhound  Pit  is  marked  a  on  the  Section  A 
ind  Map  D.  A  little  to  the  north  of  the  pit  a  is  the  third  main 
fknlt,  having  an  upthrow  north  of  30  yards ;  I  show  these  coals 
irith  a  less  dip  than  the  other  parts  of  the  section,  but  without  any 
rery  positive  data  to  determine  the  same.     The  fault  near  to  pit  g 

1  on  Map  D  and  Sections  A  &  B)  is  a  cross  fault  running  from  iiortli- 
jpest  to  south-east,  and  has  a  downthrow  north  of  30  yards :  .tlic 


•1'  l^l«'    ilfljl.(}.il;<-:i    <, 
lh<'    .^iij-t;:.i!(s.        It 

im  unwjinantahlc  ^' 

vcro  '.ri^fTnilly  d.po: 

that  the  true'nutur 

more  i^Lonrly  shown  I 

tlie  Ijttle  Flint  or  lo' 

Section  h.    The  dur 

surfat'o-liiic  on  Sectio 

faction  A).     That  ]>i 

y-mls  Ki^urli  of  i.jt  /". 

(or  iMittin;*  nil  of  rht 

W:i)lyciiJI('.ltho-(.'a: 

t]i(.*  Top  Coal  ln.*iiigcii 

the  iKmhh*  Coal  ('JS  i 

the  Yard  Co:il  <.S  11. -t 

the  iJi-  Flint  Coal  {'J 

yardM— all  north  ofjii 

Big  Flint  Coal)  close 

may  also  he  takon  a. 

alxjiii  \:Hin  \ards  is  , 

f. .illy  Ko,  when  we  tal 

at  j.it^/and //.     Tho 

r.»al  are  its  foLlo^v  s  <  r^o; 

(''^al,   hut  tho  distriiu;< 

nt  pit  A,  7'»1  n   !Mu.,  i 

fr.'  iMU?.«l;  at  pit  r,  C,\ 

two  piis  f},.»  'lop  Coa: 

«'itris.JI^•{ft.  I  in.;  b 

C'uals  arc  :i]t^i.nt     ill..  -.1 
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somewhere  about  147  ft.  6  in.  below  the  top  of  the  same  coal  at 
pit  6.  From  the  top  of  the  Top  Coal  to  the  bottom  of  the  Yard  Coal 
(including  four  coals,  14  ft.  9  in.  thick)  at  pit  6  is  40  ft.  9  in.,  whilst 
at  pit  ^  it  is  only  11  ft.  7  in.,  and  the  four  coals  are  only  9  ft.  4  in. 
thick ;  the  Half-yard,  Double  and  Yard  Coals  being  respectively 

1  ft.6  in.,  1  ft.  8  in.,  and  1  ft.  8  in.,  which  at  pit  6  are  1  ft.  6  in., 
6  ft.,  and  2  ft.  9  in.  From  the  bottom  of  the  Yard  Coal  to  the  bottom 
of  the  Big  Flint  at  pit  6  is  25  ft.  9  in.,  whilst  at  pit  g  the  distance 
is  89  ft. ;  there  is  actually  no  Big  Flint  Coal  in  pit  g,  but  it  is  found 
close  to  on  the  north  of  the  pit ;  there  is  also  no  Blue  Flat  nor  White 
Flat  Ironstone  of  consequence  at  pit  g.  From  the  bottom  of  the 
Big  Flint  Coal  to  the  bottom  of  the  Stinking  Coal  (4  feet  thick)  at 
pit  6  is  47  ft.,  the  Pennystone  Clod  above  the  Stinking  Coal 
being  20  feet  thick.  At  pit  g  the  distance  between  the  two  coals  is 
only  19  ft.  6  in., — the  Stinking  Coal  being  only  1  foot,  and  the  Penny- 
stone  Clod  5  feet  thick.  From  the  bottom  of  the  Stinking  Coal  to 
the  top  of  the  Clunch  Coal  at  pit  h  is  27  feet,  and  at  pit  ^  it  is 
18  ft.  6  in.,  the  space  between  being  called  the  Clunches.  From 
the  top  of  the  Clunch  Coal  to  the  bottom  of  the  Clod  Coal  at  pit  h 
(five  coals,  9  ft.  G  in.  thick)  is  13  ft.  6  in.,  and  at  pit  g  (eight  coals, 

12  ft.  6  in.  thick)  it  is  39  ft..  From  the  bottom  of  the  Clod  Coal 
at  pit  g,  to  the  bottom  of  the  Little  Flint  Coal  (1  ft.  6  in.  thick)  is 

13  ft.  6  in.,  and  at  pit  ^  it  is  21  ft.  6  in.,  the  Little  Flint  Coal  being 

2  ft.  3  in.  thick.  The  total  depth  from  the  top  of  the  Top  Coal  to 
the  bottom  of  the  Little  Flint  Coal  at  pit  6  is  167  ft.  6  in.,  and  at 
pit  g  198  ft.  7  in.,  or  31  ft.  1  in.  more.  The  total  thickness  of  coal 
at  pit  6  is  32  ft.  9  in.,  of  which  29  ft.  3  in.  is  worked  at  present,  and 
the  remainder  will  no  doubt  be  worked  at  some  future  period.  At 
pit  g,  the  united  thickness  of  coal  is  29  ft.  9  in.,  of  which  19  ft.  7  in. 
may  be  taken  as  workable,  the  other  seams  being  too  thin  to  be  ever 
worked  profitably. 

The  first  stratum  or  measure  above  the  Top  Coal,  which  is  per- 
sistent throughout  the  several  sinkings,  is  locally  called  the  **  Cala- 
mincar  "  (No.  12  on  Sections  A  &  B).  It  is  found  in  all  the  pits  (in 
pit  d  merely  a  trace),  and  is  of  a  variable  thickness  from  1  to  15  J  feet ; 
it  is  of  a  mixed  red,  blue,  and  yellow  colour.  At  pit  Z'  it  is  3i3  feet 
thick,  pit  Z"  48  ft.  thick;  pit  Z"^  22  ft.,  and  pit  Z"^^  16  ft.  6  in. 
From  the  bottom  of  the  Calamincar  to  the  top  of  the  Top  Coal  at 
pit  6  is  92  ft.  6  in.,  and  at  pit  g  59  ft.  At  pit  /  the  Calamincar  rests 
upon  the  flint  rock,  which  is  62  feet  below  the  Top  Coal  at  pit  6, 
and  94  ft.  9  in.  at  pit  g  (difibrenco  32  ft.  9  in.) ;  from  the  bottom  of 
the  Calamincar  to  the  bottom  of  the  Little  Flint  Coal  at  pit  6  is 
260  ft.,  and  at  pit  g  256  ft.  11  in.  (difference  3  ft.  1  in.)  The  strata 
between  the  Calamincar  and  Top  Coal  at  pit  b  gradually  diminish 
southwards  till  at  pit  e  none  of  them  are  found ;  neither  are  any  of 
the  coals  and  intervening  strata  from  the  Top  Coal  to  the  bottom  of 
the  Yard  Coal  in  that  pit,  the  Calamincar  resting  upon  the  top  of  the 
Blue-fiat  Ironstone-clod.  At  pit  d  the  Half-yard  Coal  is  represented 
by  "  slummy  or  slaty  measures  "  2  ft.  6  in.  thick,  the  Top  Coal 
being  denuded  or  cut  off  by  the  Symon  fault  between  pits  h  and  r, 
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and  the  Double  and  Yard  Coals  between  the  pits  d  and  e.     It  would 
appear  that  a  surface  at  one  time  existed,  rising  from  the  top  of  thi 
Double  Coal  Rock  (which  occupies  the  space  between  the  Double 
Coal  and  Half-yard  Coal,  above)  at  pit  d  to  the  top  of  the  Ballstone 
Clod  (above  the  Top  Coal)  at  pit  6  at  an  inclination  of  about  1  in  50, 
or  an  angle  of  1°  15',  and  that  the  strata  from  tho  Ballstone  Clod  up 
to  the  Culamincar  were  subsequently  dei)ositod  on  tliat  surface,  and 
which  were  again  partially  washed  away  down  to  the  Flint-rock  at 
pit/,  on  which  the  Calamincar  rests,  the  Flint-rock  resting  upon 
tho  Upper  Clunchcs — tho  Stinking  Coal  and  Pennystone-measurcs 
ha\'ing  been  denuded  previous  to  the  deposition  of  the  llint-rock»  as 
shown  by  the  small  depression  in  the  section.     Above  the  Calamincar 
comes  the  Kough  Rock,  very  uneven  in  the  bottom  and  irregular  in 
thickness  (15  to  51  ft.;  average  2Sft,  Din.);  and  in  many  plac« 
it  is  a  complete  conglomemto.     Above  the  Rough  llock  comes  tlie 
"  Briokman's  Mciwurc,"  brickmaking-clay  G  to  15  ft.  thick.    Imme- 
diately above  the  Brickman's  Measure  there  are  two  clods  or  clunchcs, 
together  from  5  to  15  feet  thick,  including  two  coals  in  some  of  the 
sinkings,  1  foot  tluck  each.      Above  these  clunches  come  ''strong 
binds,"  and  rock  of  variable  thickness  (72  ft.  at  pit  6,  80  ft.  at  pit  f, 
78  ft.  6  in.  at  pit  rf,  (57  ft.  0  in.  at  pit  e,  29  ft.  at  pit  f  and  97  ft.  4  in. 
at  pit  g)  up  to  two  coals  which  occur  in  all  the  sinkings,  1  foot  thick, 
with  fire-clay  between  and  clod  below,  from  3  ft.  6  in.  to  8  ft.  9  in. 
thick  together.    Immediately  above  these  small  coals  is  tho  Stiaking 
Rock,  varying  from  49  ft.  to  61  ft.  G  in.  in  tliiekness — average 
52  ft.  6  in. ;  it  is  at  this  rock  that  the  water  is  coffered  or  tubbed 
back  throughout  the  district.     Above  the  Stinking  Rock  there  are 
clunches  and  rock -binds  from  48  ft.  to  84  ft.  0  in.  thick — average 
69  ft.     At  pit  g  two  coals  occur  in  the  same,  6  inches  and  3  inches 
thick  respectively.     In  some  of  the   sinkings  these  clunches  are 
divided  into  many  parts — in  others  they  are  not  divided.     Above 
these  clunches  comes  a  rock,  called  the  Thick  Rock.     It  is  described 
as  "  rock  "  in  all  the  sinkings,  except  pit  e,  where  there  is  20  feet  of 
**  dark  sticky  shades  and  clod ; "  it  is  51  feet  at  pit  b,  and  gradually 
thickens  up  to  90  ft.  4  in.  at  pit  g — average  67  ft.  8  in.     Above  the 
Thick  Rock  come  clunches  and  dods  46-81  feet  thick — average, 
58  ft.  3  inches ;  at  pit  g,  18  ft.  above  the  Thick  Rock  there  is  a  cod 
8  inches  thick.     Next  above  these  clunches  comes  the  Top  Rock, 
described  as  rock  in  all  the  sinkings  where  it  occurs,  but  pit  6 ;  it 
is  27  ft.  at  pit  r/,  24 ft.  at  pit/,  27  ft.  at  pit  « ;  it  is  not  in  pit  rf;  it 
is  57  ft.  thick  at  pit  c,  and  at  pit  6  24  ft.  of  rock,  but  67  feet, 
including  33  ft.  of  red  clunch,  white  clod,  and  brown  clunch.    It 
is  quite  possible  that  close  attention  has  not  been  paid  by  the  sinkezs 
to  the  divisions  in  pit  c,  and  that  a  stratum  of  clod  and  cloncbes 
exists  in  that  pit  not  taken  notice  of,  seeing  the  uniformitj  of  the 
rock  itself  in  pits  6,  e,  /,  and  g.    Above  the  Top  Rock  at  pit  g  there  la 
3  ft.  of  blue  clunch,  and  above  that  136  feet  of  red  clay ;  at  pit/ 
there  is  15  ft.  of  clay  and  earth ;  at  pit  e  49  ft.  of  blue  and  red  day 
above  the  Top  Rock,  and  at  pit  h  33  feet  of  blue  and  red  clod  and 
clunches  with  a  chance- coal  1  ft.  thick.   I  have  not  been  able  to  get 
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any  specinienB  from  the  strata  above  the  Cakmincar  to  determine 
the  era,  Ac* ;  but  from  the  appearance  of  the  rocks  exposed  to  view, 
and  the  many  coals  interspersed,  they  appear  to  me  to  belong  to  the 
true  coal-measures ;  on  the  Geological  Survey  Map  they  are  coloured 
as  belonging  to  the  coal-measures.  The  Sections  A  and  B  are  on  too 
small  a  vertical  scale  to  show  at  the  several  pits  in  detail  the  several 
divisions  as  given  by  the  sinkers.  At  pit  6,  from  the  surface  to  the 
bottom  of  the  Little  Flint  Coal  there  are  68  divisions,  and  at  pit  g 
89  divisions. 

The  table  on  pp.  464,  465  shows  the  depths  from  the  present  sur- 
face to,  and  the  thickness  of,  the  main  measures  (the  clunches  not  in 
detail)  at  pits  6,  e,  d,  e,  f,  and  (jf. 

From  a  general  review  of  all  the  circumstances,  there  can  be  no 
doabt  that  the  Great  Symon  fault,  as  shown  by  Section  B,  and 
proved  by  actual  facts  to  the  north  of  pit  /,  indicates  the  existence 
of  an  old  valley  or  estuary  of  denudation  of  the  coal-  and  ii-onstone- 
measures,  in  which  subsequently  other  strata  of  the  coal-measures 
were  deposited ;  and  that  these  were  partially  washed  away  again. 
The  deepest  part  of  this  old  valley  appears  to  me  to  be  somewhere 
about  pit  /,  where  the  coal-measures  have  been  washed  away  as  deep 
as  the  Upper  Climches  below  the  Stinking  Coal,  and  where  the  Flint- 
rock  rests  immediately  upon  the  Upper  Clunches,  which  occur  in  all 
the  sinkings,  and  varies  from  13  to  27  feet  thick — the  avei-age  being 
21  ft.  7  in.  The  information  that  I  have  been  able  to  obtain  as  rcp:ards 
the  Handle  and  Clod  Coal  south  of  pit  /  leads  me  to  the  conclusion 
that' the  Symon  fauU  has  never  entirely  cut  off  that  coal  and  the 
three  coals  immediately  above ;  and  that  the  working  of  the  Handle 
and  Clod  Coal  in  a  southward  direction  was  given  up  partly  in  conse- 
quence of  the  coal  being  a  little  deteriorated  by  the  denudation, 
partly  frx)m  the  inflammable  gas  being  more  abundant,  and  from 
there  being  plenty  of  coal  northwards  of  pit  /  to  work,  and  less 
faulty :  besides,  to  work  further  south  would  re<iuire  more  sinkings, 
whilst  there  were  plenty  of  pits  to  obtain  the  8ai<l  coal  (then  consi- 
dered the  best  fumace-coal)  to  supply  the  furnaces  which  were  at 
that  time  at  the  extreme  north  end  of  the  estate  >vith  wliich  I  am 
more  particularly  acquainted ;  and  as  we  find  the  whole  of  the  coals 
at  pit  g  but  slightly  altered  as  to  their  relative  position  and  thickness, 
witii  the  Calamincar  and  the  several  rocks  and  clods  above  (wliich 
there  can  be  no  difficulty  in  identifying  with  the  strata  sunk  through 
at  the  other  pits),  there  is  every  reason  to  suppose  that  the  coals 
come  in  again  southwards  of  pit/,  something  in  the  manner  repre- 
aented  in  Section  B,  but  of  course  altered  by  the  dislocations  and  the 
dip.  Assuming  such  to  be  the  case,  there  is  evcrj'  probability  of 
an  area  of  coal  and  ironstone  being  found  (at  least  it  is  to  be  hoped 
bo)  at  a  workable  depth  in  the  district,  and  ])ossibly  underneath 
the  Lower  New  Red  Sandstone,  where  hitherto  none  was  ex- 
pected by  the  practical  workers.     I  express  this  opinion  from  the 

*  Mr.  Prettwich  has  treated  of  the  strata  and  their  fosnlfl  fully  in  his  memoir 
above  dted,  pp.  444-446,  Ac. 
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circumstaTiccs  detailed  above,  and  shall  bo  glad  if  it  should  meet 
i^ith  tlio  support  of  those  gentlemen  of  the  Society  who  have  given 
more  attention  to  geology  than  myself,  and  are  consequently  much 
more  able  to  explain  their  views  and  advance  hypotheses  more  in 
accordance  with  nature's  laws :  the  subject  is  of  vast  importance, 
national  and  individual. 

On  the  Map  D  I  have  attempted  to  lay  down  by  dotted  lines 
(t — y)  the  general  line  of  denudation  of  the  several  coals,  kc 
on  tho  north  side  of  the  old  valley  or  estuary,  as  derived  from  mj 
surveys  and  the  sinkings  in  the  Molinslee  and  Stirchlce  Royalties, 
and  from  the  sinkings  in  other  fields.  At  the  Castle  Pits  near 
Great  Dawley  Church,  the  Top  and  Half-yard  Coals  are  absent,  the 
Double  and  all  the  other  coals,  &c.  being  in ;  at  the  Mill  Pit,  a  little 
further  to  the  south,  the  Top,  Half-yard,  Double,  Yard,  and  Big 
Fhnt  Coals  are  absent,  the  Pennystone  and  all  the  measures  below 
being  in. 

About  half  a  mile  north-west  of  pit  b  a  pit  has  been  lately  sunk, 
30  yards  below  the  Little  Flint  Coal,  of  which  the  following  is  the 
detail,  measured  by  myself  Oct.  5, 1857. 

Total  depth  below  LF. 
yds.  ft    in.  yds.    ft   in. 

1.  Rock 10    2    6  10    2    6 

2.  Parting 0     0     6  11     0    0 

a  Hock  and  binds 6    2    0  17    2    0 

4.  Rock 2    1     0  20    0    0 

-5.  Ironstone  8"  to  10" 0     0     9  20     0    9 

0.  Cnod  0     110  20    2    7 

7.  Ironstone  4"  to  6"     0     0    5  21     0    0 

8.  Rock  and  binds 110  22     1    0 

9.  Hard    Bastard    Rock    with) 

rough  pebbles.    (Ixjft  otf  V        7    2    0  30     0    0 

sinking.)    J 


Horiflontal  scale,  1 2  chains = 1  inch : 
and  Terticai  scale,  200  feet = 1  inch. 


EEFEEKNCE  TO  ILLUSTEATIONS  IN  PLATE  XIV. 

A.  Section  of  tlie  strata  as  they  at  present  ^ 

exist    

B.  Section  of  the  same  strata  as  in  A, 

plotted  upwards  from  the  Little  Flint 
Coal  as  an  assumed  base 

D.  Map  showing  the  line  of  section,  &c,..    Scale  1  indi = a  mile. 
Sections  A,  B,  and  C. 

a.  Tlie  Gr^hound  pit  near  Oakengatcs  Tunnel 

b.  Pud^y  Hill  Pit,  Malinslee  and  Stirchlce  Boyalties. 

c.  Lawn  Pit  „  „ 

d.  Wharf  Pit 

e.  Cook's  (or  Cuxey's)  Wood  Pit      „ 

/.  Change  Pit  „  „ 

y.  Ualeifield  Pits,  near  Madcley. 
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A.  JjBveL  of  top-water  of  the  Bhrewsburj  Canal  at  entrance  to  Stirclilee 

Tunnel  as  it  existed  preriouB  to  being  conyerted  into  a  railway. 
k'.  Present  surlaoe-line. 

f.  Faulty  downthrow  north  30  yards. 

J.  Fault,  said  to  haTe  an  upthrow  north  of  70  yards. 
k.     „    upthrow  north  of  60  yards. 

/.       „         „  „  11  yards. 

nu     n     down-throw  north  of  SO  yards, 

n.     „     upthrow  north  of  130  yards. 

o,     „  „  „  SOyards. 

p.  Enlarged  section  from  Top  to  little  Flint  Coal  at  pit  b. 
q,        „  „  „  at  pit  ^. 

r.  Space  between  the  two  pits  4484  yards. 
A*  f.  Sketch  8lM>wing  the  Top  Coal  in  connection  with  the  Symon  Fault. 

HapD. 

t  line  of  denudation  of  the  Top  CoaL 

tr.        ,,  ,,  Double  Coal. 

V,         „  „  Yard  Coal. 

w.         H  „  Bi^  Flint  CoaL 

X,         „  „  StinkingCoal. 

y.         „     partial  denudation  of  the  Kandle  CoaL 

Z.  Western  limit  of  Lower  New  Bed  Sandstone— Geological  Survey. 

Z*.  Forge  Meadow  Pit — Calamincar  33  ft.  thick. 

Z".  Wood  Pits  „         48      „ 

Z'".  Spout  Pits  „         22      „ 

Z""   EandleyPit  „         16  ft.  6  in. 

ZK  Bailroads. 

Sections  A  &  B. 
1'.  Bed  day. 

1.  Blue  and  red  dod  and  dunches 

with  a  coal  at  pit  b. 

2.  Top  rock. 
8.  Clunclies  and  clods. 

4.  Thick  rock. 

5.  Clunches  and  rock-binds. 

6.  Stinking  rock. 

7.  Fire-clay  clod  and  coals. 

8.  Stony  bmds  and  rock. 

9.  Clunches,  with  coals. 

10.  Brickman's  measure. 

11.  Bough  rock. 

12.  Calamikcab  (the  first  persistent 

stratum   above    the    prindpal 
coal-seams). 

13.  Bock-binds  and  dod. 

14.  BaUstone  (ironstone)  dod. 

15.  Top  coaL 

16.  Bass  and  slaty  measure. 


17.  Half-vard  coal. 

18.  Double  coal  rock. 

19.  Double  coal. 

20.  Yellowstone  (ironstone)  clod. 

21.  Yard  coal. 

22.  Blue-flat  ironstone  clod. 

23.  Pitch  of  bassos  (rock  at  pit  g). 

24.  White-flat  ironstone  clod. 

25.  Big  flint  coal. 

26.  Flint-rock. 

27.  Pennystone  (ironstone)  dod. 

28.  SnitRIXG  COAL. 

29.  Climohcs  (fire-clay). 

30.  Clunch  coal. 
30'.  Two-PEET  coal. 
30".  Best  coal. 

30'".  Baxdle  and  clod  coal. 

31.  Clunch  and  hard  rock. 

32.  Little  flint  coal. 


Mat  8, 1861. 

Jlobert  Mills,  Esq.,  F.8.A.,  Il<?chdale ;  Edmnnd  William  Asbbco, 
Esq.,  14  Rutland  Street,  Momington  Crescent;  and  Captain 
Willoughby  Osborn,  C.B.,  Madras  Army,  were  elected  Fellows. 

The  following  communications  wero  read : — 
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1.  On  Two  BoxE-CATERNs  in  the  MoyrAONE  Dr  Ker  at  Massat,  in  the 
Department  of  the  AriIcge*.     By  M.  Alfred  FoxTAjf. 
(Communicated  by  M.  Lartet,  Foreign  Memb.  Geol.  Soc.) 
[Abstract.] 
The  y alley  of  Massat,  situated  near  the  centre  of  the  Pyrenees, 
opens  to  the  west  between  two  lofty  mountains,  which,  at  firbt 
approaching  each  other,  spread  out  and  diverge  as  they  extend  on 
the  south-east  towards  tlio  mountain-rango  of  which  they  are  the 
ramifications,  so  that  in  tliis  direction  the  valley  has  no  outlet.    It 
thus  forms  an  elongated  basin,  of  a  triangular  form,  the  base  of 
which  extends  along  the  side  of  one  of  the  great  spurs  of  the  Pyre- 
nees (see  fig.  1),  whilst  the  apex  forms  a  narrow  and  winding  gorge 
which  aflfords  the  only  outlet  for  the  waters  of  the  valley, 

A  short  distance  above  the  spot  where  the  basin  commences,  namely 
on  the  western  side,  near  the  apex  of  the  triangle,  a  high  moimtain 
of  limestone  rises  up,  which,  advancing  abruptly  into  the  valley,  fonia 
an  elevated  promontory,  against  which  tlio  torrents  or  diluvial  waters, 
which  appear  to  have  inundated  this  region  at  one  or  several  remote 
periods,  must  have  rushed.  It  stretches  out  almost  at  a  right  an^ 
from  the  southern  side  of  the  basin  ;  and,  exactly  where  it  extendi 
furthest  into  the  basin,  its  crest  forms  a  mound  or  hillock,  the 
summit  of  which  is  considerably  more  elevated  than  all  the  sor- 
rounding  heights.  The  whole  of  this  mountain,  which  has  been 
violently  disturbed  and  disjointed,  is  bare,  and  is  fiilled  with  fissnnSv 
crevices,  and  deep  hollows  or  grottos,  the  principal  galleries  of  whidi 
extend  from  N.N.W.  to  S.S.E.,  parallel  to  the  longitudinal  axis  of  the 
valley. 

Amongst  these  caves  two  are  remarkable  on  account  of  tbtf 
extent. 

One  of  them,  situated  near  the  summit  of  the  mount,  at  an  ele- 
vation of  about  100  metres  (330  feet)  above  the  bed  of  the  valley,  ii 
approached  by  a  spacious  vestibule,  or  outer  chamber,  with  two  laigi 
and  lofty  circular  entrances,  one  of  which  faces  the  north,  the  otii 
N.N.W.  (see  figs.  1  &  2).  Tlie  soil  of  the  outer  chamber,  whiA, 
Hke  the  rest,  was  devoid  of  all  stalagmitic  concretions,  was  smoott 
and  hori2ontal,  rising  above  the  sill  of  the  entrance.  With  the  ei- 
ccption  of  a  small  portion  near  the  N.N.W.  entrance,  where  a  ft« 
fragments  of  pottery  were  found,  mixed  with  cinders  and  coal,  il 
presented  the  appearance  of  an  abandoned  river-bed.  A  sandy  Ion 
sprinkled  with  gravel  or  small  rolled  pebbles  occupied  the  centn; 
whilst  at  the  edges  against  the  wall  of  rock,  larger  but  similarly  rolU 
pebbles  appeared  to  have  been  thrown  up  by  the  eddying  or  moraneil 
of  the  water.  These  deposits  continued  in  the  same  way  for  a  A- 
stance  of  a  hundred  metres  along  the  principal  gallery,  only  dui- 
nishing  in  thickness  as  they  extended  further  inwards,  and  entiii^ 
ceasing  at  the  further  end. 

This  arrangement,  combined  witli  the  presence,  at  such  a  oomida^ 
able  elevation,  of  rolled  pebbles,  most  of  which  wore  difiTeonent  froB 
*  A  brief  notice  of  this  subject  is  given  in  the  Quart.  Joum.  GcoL  te 
xol  xvi.  p.  401 . 
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. — Plan  of  the  Valley  of  Massat,  near  Tarascon,  in  Langxiedoe; 
oing  the  position  of  Ae  two  Caverns  in  the  Montagne  dxi  Ker, 
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Fig.  2. —  View  (from  the  north-west)  of  the  Moyitagne  du  Ker, 
showing  the  entrances  of  tJie  Upper  and  the  Lower  Caverns. 


:^- 


.-.'^>-     / 


the  rocks  of  which  tho  mountain  consists,  appeared  to  the  author  u 
solely  attributable  to  those  diluvial  cataclysms  which  geology  points 
to  as  having  occurred  at  several  periods  anterior  to  historical  tradition. 
In  order  to  understand  these  facts,  he  determined  to  study  the  natore 
of  the  deposits ;  for  which  purpose  he  caused  a  deep  trench  to  be 
dug  in  the  soil  near  the  northern  opening,  and  extended  it  to  the 
lateral  walls.  The  result  of  this  first  attempt  was  the  discovery  of 
a  large  quantity  of  bones  of  Carnivora,  Buminantia,  and  Modentiai 
amongst  which  were  most  abundant  the  great  Cave-bear  described 
by  Cuvicr,  a  large  species  of  Jlycena  (JS.  spelcea),  and  a  large  Fdii 
(tiger  or  Hon),  all  mixed  together,  rubbed,  and  broken,  giving  en- 
deuce  of  a  distant  transport,  or  at  least  of  a  violent  displacement 
Besides  the  cinders  and  charcoal  at  the  surface  (with  which  ven 
associated  fragments  of  pottery,  an  iron  poignard,  and  two  Homin 
coins),  another  bed  of  cinders  and  charcoal  was  found  at  a  depth  of 
more  than  three  feet  in  the  ossiferous  loom,  and  hero  M.  Fontan 
found  a  bone  arrow-head  and  two  human  teeth  (fig.  3)  ;  the  latter 
wore  at  a  distance  of  5  or  6  metres  one  from  tho  other. 


Fig.  3. — Oiu  of  the  two  Human  Teeth  found  in  the 
Upper  Cavern^  Montagne  du  Ker^  Languedoe. 


9 


The  second  or  lower  cavern  is  situated  at  the  foot  of  the  mountaiB, 
close  to  the  road,  at  an  approximative  height  of  20  metres  above 

Fig.  4. — Bone  Arrow-head  from  the  Lower  Cavern,  Mantagne  dB 
Ker,  Languedoc. 


tho  bed  of  tho  river  (see  figs.  1  <|^.  2).     Its  only  opening  (whkbr 
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like  those  of  the  upper  cavern,  is  contrary  to  the  present  direction  of 
the  water)  leads  into  a  tolerably  spacious  chamber,  the  ground  of 
which  consists  of  a  blackish  earth  and  of  large  rolled  pebbles  (some 
of  them  granitic),  amongst  which  are  scattered,  in  the  greatest  con- 
fiision,  fragments  of  bones  belonging  to  animals  either  of  extinct  spe- 
cies or  of  such  as  have  for  the  most  part  long  since  ceased  to  inhabit 
these  regions.  They  belong  principally  to  Deer  (Cervus  elaphus), 
Antelopes,  and  Aurochs;  and  there  were  a  few  remains  of  feline 
Camivora  (apparently  a  Lynx).  Amongst  these  were  found  worked 
flints  and  numerous  utensils  of  bone  (dcer*s  bono  chiefly),  such  as 
bodkins  and  arro\(^ ;  the  latter  were  the  most  numerous,  and  are 
canred  with  oblique  grooves,  probably  for  poison  (see  fig.  4).  Some 
of  the  bones  bear  marks  of  incisions  made  by  sharp  instruments  in 
flaying  or  cutting  up  the  carcases. 

In  each  cavern  a  chasm  crosses  the  gallery  and  terminates  the 
deposits ;  in  the  upper  cave  at  100  metres^  in  the  lower  one  at  about 
7  metres  from  the  entrance. 

M.  Fontan  argues  that  rain-water  could  not  have  introduced  nor 
arranged  the  deposits  within  these  caverns ;  and  that  the  position  of 
the  entrances  of  the  caves  (facing  the  N.W.),  and  the  presence  of  the 
fisBures  which  cross  the  caves,  preclude  the  idea  of  the  waters  of  any 
torrent  from  the  Pyrenees  leaving  these  deposits  on  the  floors  of 
the  cavems.  He  observes,  <<  From  all  those  phenomena,  the  most 
striking  feature  in  my  opinion  is  this,  namely,  that  the  Valley  of 
Massat  appears  to  have  been  at  one  and  perhaps  at  several  periods 
the  theatre  of  a  vast  inundation  coming  from  the  N.N.W.  or  West, 
in  the  opposite  direction  to  that  of  the  present  course  of  the  waters 

of  this  region.*' *'  The  fact  of  a  flood  produced  by  torrents 

capable  of  filling  up  this  valley  is  not  a  simple  accidental  occurrence 
to  be  explained  by  causes  purely  local.  If  it  existed,  similar  effects 
must  have  been  produced  in  all  the  neighbouring  regions,  and  must 
even  have  extended  to  a  great  distance.  It  would  have  been  a  true 
delnge,  destroying  everything  on  its  passage ;  and,  as  history  is  silent 
on  the  subject,  we  cannot  believe  it  to  have  been  of  recent  occurrence. 
If  then  the  entombment  of  human  remains  under  the  upper  bed  of 
einders  and  charcoal  is  to  be  attributed  to  this  cause,  the  appearanco 
of  man  in  these  regions  would  date  from  a  very  distant  period." 

"In  conclusion  (says  the  author)  we  may  deduce  from  these  facts, — 
Ist,  That  a  diluvial  current  penetrated  into  the  Valley  of  Massat, 
coming  from  N.N.W.  or  West  towards  the  S.S.E.  or  East.  2ndly, 
That  this  current  did  not  continue  for  a  long  time.  3rdly,  That  Mim 
and  all  the  other  animals  the  remains  of  which  are  buried  in  these 
caves  existed  in  the  valley  before  this  cataclysm.  4thly,  That  the 
greater  part  of  these  animals  inhabited  these  caves ;  from  whence  we 
must  suppose  that  Man  was  not  the  contemporary  of  all  of  them.  In 
bet  we  cannot  admit  that  he  lived  in  this  narrow  valley  at  the  same 
time  as  the  Lions,  the  Hyaenas,  and  the  Bears ;  we  cannot  even  admit 
that  all  these  animals  existed  there  at  the  same  time,  either  because 
they  do  not  usually  inhabit  the  same  climate,  or  because  their  habits 
are  incompatible.  Each  kind  inhabited  the  cavern  successively ;  and 
Man  was  probably  the  last.    When  he  appeared  there  was  probably 
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nothing  remaining  but  the  Deer  and  other  Ruminants,  which  vool 
satiBfuctorily  explain  why  the  tools  wliich  have  been  found  vei 
mode  excluHively  from  the  bones  of  these  animals." 

List  of  objects  fuuml  in  the  two  Caverns  above-mentioned,  according  i 

M.  Labtet. 

^Tiger  or  Lion   Fragment  of  a  lower  jaw,  ani 

3  or  4  detached  teetii. 

Lynx    Half  of  a  lower  jaw. 

Hynna  {II.  spelaa) Seyerol  teeth  and  ungual  pb 

langes. 

Bear(t7)^i«  spelimSyQuv,) A  grc»t  number  of  teeth  m 

various  bones. 

Badger Three  fragments  of  the  jawan 

a  few  detached  teeth.  (Thea 
remains  appear  to  be  mov 
recent  thui  those  of  othe 
species.) 

Wild  Boar   Five  or  six  teeth. 

Sheep  or  Antelope Two  teeth. 

Koebuck Half  of  a  lower  jaw. 

Dog,  Fox,  or  Wolf Incisor  and  molar  teeth. 

Bodent  {Mus  sylvaticus)     ....   Several  teeth  and  fragments  d 

a  jaw. 

Water-rat    Half  of  a  lower  jaw. 

Hedgehog  (Erinaceus  europcms)  Half  of  a  lower  jaw. 

Two  human  teeth  and  an  arrow  of  bone.     (This  arrow  hti 

been  lost,  and  M.  Lartet  has  never  seen  it,  so  that  it  is  impos- 
sible to  say  whether  it  was  made  of  the  bono  of  a  Bomimuil 

like  those  found  in  the  lower  cavern  (fig.  4),  or  of  the  bone  oi 

a  Carnivorous  animal.) 

Cinders  and  Charcoal. 


I. 

P4 


6. 

I 


Bear  (probably  the  existing 
Bear  of  the  Pyrenees) .... 

Lynx    

Cat  (Felis  catus) 

Deer  {Cervus  elaphwi) 


Ox  (Bison  priseus) 

Goat  or  Ibex   

Sheep  or  Lesser  Moufflon    . . 
Chamois  (Antilops  rupicapra) 


Birds  (llagpio  and  Jay) 
WildBoar    


A  fragment  of  a  lower  jaw. 

Lower  canine  tooth. 

Two  or  three  fragments. 

Numerous  antlers,  sawn  an< 
carved  bones,  all  of  whid 
have  been  intentionaUy  broken 
many  jaws,  and  a  few  sot 
tered  teeth. 

Half  of  a  lower  jaw,  and  honu. 

M eny  remains. 

A  fewbonesand  fragmemtsof jam 

Maxillary  bones,  jaws,  and  bona 
and  a  horn  showing  maiks  tin 
the  animal  was  wItihimmI  in  i 
fr^h  state. 

A  few  rare  fragments. 
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Eemains  of  Human  Industry, 

Several  bones  of  Enminants,  chiefly  of  Cervus,  worked  up  as 
arrows  and  carved  with  spiral  grooves^  needles,  coins,  harpoons, 
bodkins,  &c.  Two  vertebrse  of  a  large  Fish  resembling  those  of 
the  Cod-fish,  and  fragments  of  chipped  flints.  There  were  also 
some  specimens  of  white  flint  chipped  into  the  form  resembling 
what  are  called  '*  knives." 


si 


I 


Note  by  M.  Labtet,  For.  Mem.  G.  S. 

I  regret  that  M.  Fontan  has  not  inserted  here,  as  in  one  of  his 
former  commimications,  any  notice  of  the  Megaceros  Hihemicus  *:  it 
is  true  that  when  I  recently  made  some  excavations  in  the  lower 
eavem  of  Massat,  I  did  not  find  the  slightest  fragment  which  ap- 
peared to  belong  to  this  largo  extinct  Kuminant ;  but,  as  there  was 
found  amongst  the  objects  formerly  collected  by  M.  Fontan,  a  frag- 
ment of  a  palmated  antler  referable  to  the  Megaceros  Hibernicus,  he 
would,  perhaps,  have  been  of  opinion  that  it  should  have  appeared  in 
one  of  these  lists.  The  existence  of  remains  of  this  fossil  Deer  has 
been  proved  in  other  spots  at  the  foot  of  the  Pyrenees,  so  that  there 
would  be  nothing  improbable  in  its  occurrence  in  one  or  the  other  of 
the  caves  of  Massat.  With  regard  to  the  Cervus  pseudoviryinianus 
(M.  de  Serres)  mentioned  in  the  former  lists  t,  I  have  myself  sug- 
gested its  omission,  because  the  distinctive  characters  which  led  me 
to  adopt  this  speciee  do  not  now  appear  to  me  to  be  sufficiently  made 
out,  and  they  depend,  if  I  am  not  mistaken,  on  mere  varieties  of  form 
attributable  to  a  difference  of  age  or  sex. 


2.  Notes  on  some  Fxtrtheb  Discovebies  of  Flint  Implements  in  Beds 
of  Post-pliocene  Gbavel  and  Clay  ;  with  a  few  Suggestions  for 
Search  elsewhere.    By  Joseph  Pbestwich,  Esq.,  F.R.8.,  Treas.G.S. 

[This  paper  was  printed  in  the  August  Number  of  the  Quarterly  Journal  (p.  362) 
by  permiasion  of  the  Council.] 


3.  On  the  CoBBictrLA  (or  Ctbbna)  fluminaus  geologically  considered. 
By  J.  GwTN  Jefpbets,  Esq.,  F.R.8.,  F.G.S. 

[Abridged.] 

Mr.  Jeffreys  having  stated  that  he  had  identified  the  species  of 
Corbieula  found  by  Mr.  Prestwich  in  a  raised  sea-beach  at  Kclsey 
Will  Xj  in  Yorkshire,  with  that  of  the  Grays  deposit,  as  well  as  with 
the  recent  species  from  the  Euphrates  and  the  Nile,  proceeded  to 

*  See  Quart  Joum.  G^l.  Soc.  vol.  xti.  p.  492. 

t  Loe,  cit 

I  See  above,  page  44G. 
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give  a  Bkctch  of  the  hiHtor}-  and  synonym  j  of  the  species  under  con- 
sideration ;  and  he  added  some  remarks  which  follow. 

In  1774, 0.  F.  Miillcr  (the  celebrated  Danish  naturalist)  described, 
in  his  *  Term.  Terr,  et  Fluv.  Hist.'  p.  205,  a  shcD  from  the  RiTer 
Euphrates,  under  the  name  of  Tell'ma  fluminalls.  His  descriptioii 
exactly  corresponds  with  the  triangular  form  of  the  fossil  sheUh  from 
Kclsey  Hill  and  Grays.  In  1811,  Megerle  v.  Miihlfeldt  founded  on 
this  and  otlier  allied  species  the  genus  Corhiciila ;  which  name  u 
now  adopted  by  conchologists.  In  1818,  Lamarck  proposed  for  the 
same  species  the  generic  name  of  Cyrena;  apparently  not  being 
Qware  of  Miihlfeldt's  publication. 

Many  recent  species  of  Corbieula  (or  Cyrena)  have  been  described 
by  Lamarck,  Ferussac,  and  others.  The  most  westerly  station  ^rcn 
by  any  of  the  conchologists  is  the  Nile.  Goldfnss,  Nyst,  Galcotti, 
Philippi,  Searles  Wood,  and  others  have  also  described  many  Tertiary 
species  of  Corhicula  (or  Cyrena)  under  other  names.  The  moet 
easterly  locality  given  by  any  of  the  palaK)ntologists  is  Cefali,  near 
Catania.  It  is,  however,  highly  probable  that  most  of  these  spcdes, 
whether  recent  or  fossil,  ought  to  be  united. 

The  tendency  to  variation  in  freshwater  shells  is  very  much  greater 
than  in  their  marine  analogues.  Almost  every  river,  or  piece  of  stand- 
ing water,  yields  a  diifercnt  form  of  Anodonta  cyrpiea,  or  of  lAmnent 
pereger ;  and  the  number  of  "  species  "  that  have  been  fabricated  oat 
of  these  forms  is  astonishing. 

The  range  of  locality  or  station  among  freshwater  shells  is  cqiiallj 
great,  and  far  exceeds  tliat  of  marine  shells.  A  species  of  Phm 
which  inhabits  the  West  Indies,  and  called  Physa  Jamaicen»t, 
cannot  be  distinguished  from  a  vaiiety  of  Physa  acuta,  a  well-known 
European  species ;  while  species  of  Limnams,  Pisidium,  and  othef 
freshwater  shells  from  the  East  Indies,  and  even  fix)m  Siam,  so  cloeely 
resemble  in  every  respect  those  of  Western  Europe,  that  it  is  onhhj 
calling  them  "  representative  '*  species  that  any  pretence  for  distino 
tion  can  be  maintained*. 

Taking,  therefore,  into  consideration  the  extreme  variability  and 
ubiquity  of  freshwatc»r  sheUs,  it  is  not  surprising  that  the  Cofiiada 
fluminahs  should  have  at  one  period  inhabited  that  part  of  the  Eiiw- 
pean  continent  which  now  constitutes  Great  Britain  as  well  as  Sicily 
and  the  valleys  of  the  Euphrates  and  Nile.  Even  in  the  awe  of 
marine  shells,  nearly  one-half  of  the  species  which  now  inhabit  the 
Mediterranean  also  exist  in  our  seas,  wliile  many  other  British  spe- 
cies occur  in  Sicily  in  a  subfossil  state ;  thus  showing  that  the  ana 
of  distribution  was  once  more  extensive  than  it  is  at  presents  and 
that  it  has  been  since  limited  by  ch'matal  or  other  causes.  Fn>m 
Sicily  to  the  mouths  of  the  Nile  the  distance  is  not  considerable. 

*  Since  writing  tho  aboTe,  I  find  that  at  a  Meetine  of  tlie  Zoological  Socirty 
of  London,  held  on  the  8th  of  July,  1850,  Mr.  S.  P.  Woodward  made  1 1«7 
intereetine  and  important  communication  on  this  subject  In  giving  a  lift  of 
some  land  and  freshwater  sliells  from  Kashmir  and  Tibet,  which  Br.  T,  Thomp- 
son had  collected  in  tho  IlimalaTa,  Mr.  Woodward  noticed  that  *'on0  hsif 
were  British  species,  and  the  rest  of  the  commonest  and  most  widdj  difoed 
Indian  formi.'^ 
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Some  minor  facts  in  relation  to  Mr.  Prcstwich's  discovery  may  be 
^rth  noticing. 

One  iSy  that  the  beaks  of  the  shells  in  question  are  not  eroded^ 
»  is  generally  the  case  in  recent  specimens.  From  this  I  should 
ifer  Qmi  the  chemical  nature  of  the  water  in  the  joncient  river  or 
itnary  inhabited  by  the  Corhicula  was  different  from  that  of  the 
rater  which  composes  the  Euphrates  or  the  Nile. 

Another  is,  that  the  size  of  the  semi-fossil  shells  exceeds  that  of 
ay  recent  specimens  which  I  have  seen  of  the  same  form.  This 
)ems  further  to  exemplify  a  fact  which  I  have  elsewhere  noticed ; 
amely^that  when  any  species  of  shell  is  distributed  over  a  wide  area, 
ttving  a  northern  and  southern  range,  northern  specimens  are  larger 
lan  tiiose  of  the  same  species  from  southern  localities. 

The  former  existence  of  the  Corlncuh  in  this  country  does  not 
'arrant  any  inference  that  the  climate  must  have  been  warmer 
nring  that  period  than  it  is  at  present,  or  that  the  Corhicula  (to 
BB  a  vague  phrase)  "  retreated  "  south  after  the  glacial  period.  It 
lore  probably  was  contemporaneous  with  the  Natica  clausa  and 
ther  shells  eedled  "  Arctic ; "  some  of  which  have  survived,  while 
thers  have  become  extinct,  in  the  seas  which  immediately  surround 
le  British,  as  well  as  the  Sicilian  coasts.  A  similar  inference  as  to 
imate  formerly  prevailed  with  respect  to  the  Mammoth.  Changes 
I  the  relative  distribution  or  juxtaposition  of  sea  and  land,  an  altera- 
on  in  the  depth  of  water  or  in  the  oceanic  currents,  an  elevation  or 
^ression  of  the  land  (especially  if  it  were  alternate  or  sudden), 
le  absence,  diminution,  or  deterioration  of  food,  the  increase  of 
itnral  enemies,  epidemic  diseases,  sterility,  and  many  other  accidents 
odopendently  of  climate  and  the  agency  of  man),  may,  in  the  course 
'  those  unknown  ages  which  succeeded  the  Tertiary  epoch,  have 
used  the  extermination  of  many  species  throughout  a  more  or  less 
^tensive  area. 


Mat  22,  1861. 

Slas  Bowkley,  Esq.,  Mining  Engineer,  Batman's  Hill,  near  Bil- 
tm,  Staffordshire ;  John  Edward  Forbes,  Esq.,  3  Faulkner  Street, 
anchester;  and  Captain  Francis  William  Henry  Petrie,  H.M.  11th 
Bgiment,  Portsmouth,  were  elected  Fellows. 
Gnstav  Bischoff,  Professor  in  the  University  at  Bonn,  was  elected 
Foreign  Member. 

The  following  communications  were  read : 

1.  On  the  Gbologt  of  a  Part  of  Western  Australia. 

By  F.  T.  Gregory,  Esq. 
[Communicated  by  Sir  B.  I.  Murchison,  Y.P.G.S.,  &c.  &c.  &c.] 

\irodueHon. — ^In  presenting  to  the  Geological  Society  the  accom- 
nying  collection  of  specimens  and  this  sketch  of  the  geology  of  a 
it  of  Western  Australia,  I  feel  that  some  apology  is  due  for  laying 
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before  them  a  work  so  imperfect  in  its  composition  and  arrangemont, 
and  I  beg  to  state  that  I  have  only  been  induced  to  make  the  attempt 
in  consequence  of  the  ahnost  total  absence  of  any  publislicd  informa- 
tion regarding  the  geological  structure  of  this  portion  of  the  Aiistia- 
lian  continent*, 

During  a  residence  of  thirty  years  in  Western  Australia,  my  ac- 
quaintance with  its  geology  has  been  almost  entirely  restricted  to 
the  practical  observation  of  its  various  stratified  formations  as  pre- 
Bcnted  to  my  \-iew  in  the  course  of  official  and  professional  avoca- 
tions, which  led  me  over  the  whole  of  the  known  portion  of  this 
province ;  but,  although  thus  enable'fl  to  ac<3umulatc  a  vast  aiDOnot 
of  notes  and  details,  I  have  not  had  the  opportunity  of  classifying 
them  with  any  degree  of  certainty  by  the  comparative  study  of  iti 
geology  with  other  countries  where  the  nomenclature  and  limits  of 
the  formations  arc  well-kno-MH  and  established.  The  difficulty  at- 
tendant upon  the  collection  and  preservation  of  fossils  while  travrf- 
ling  rapidly  through  a  wild  country  has  also  been  another  obstacle  in 
the  way  of  my  endeavours  to  assign  exact  limits  to  the  several  for- 
mations. It  is  therefore  only  since  my  arrival  in  England  that, 
through  the  assistance  obligingly  rendered  me  by  Sir  R.  Mim^hison, 
Dr.  F.  Hochstetter,  and  others,  I  have  been  enabled  to  deduce  from 
my  pala^ontological  observations  any  certain  results,  which,  however, 
although  establishing  a  few  main  facts,  it  must  be  admitted  leave  much 
yet  to  bo  done  to  render  them  complete,  and  which  it  is  to  be  hoped 
will  shortiy  be  followed  up  by  more  scientific  observers ;  while  the 
present  sketch  is  only  to  be  viewed  as  a  general  outline  to  be  wrought 
upon  by  others  following  in  the  same  path. 

HaWng  so  far  offered  an  explanation  of  the  circumstances  under 
which  I  venture  to  present  to  the  Society  the  result  of  my  laboure,  it 
will  now  be  my  endeavour,  as  briefly  as  possible,  to  state  a  few  facts 
illustrative  and  explanatory  of  the  topographical  and  gcologiwd  fta- 
tures  of  that  portion  of  Australia  illustrated  by  the  map  and  sections. 

Darling  Raiige  and  the  Country  to  the  Eastward. — ^The  principal 
portion  of  Western  Australia  consists  of  an  undulating  table-land  of 
syenitic  granite,  and  may  justiy  be  considered  more  eontinentalt  than 
eruptive.  It  has  a  western  escarpment,  which  foUows  the  meri- 
dian line  of  the  116th  degree  of  east  longitude,  commencing  on  tha 
south  coast  near  Cape  Beaufort,  and  already  traced  northward  to 
latitude  2o°  south  on  the  Gascoyne  River.     The  western  edge  of  thii 

«  A  maj)  and  sections  of  a  portion  of  Weatom  Australia  were  praaented  to 
the  Geological  Society  by  Messrs.  J.  W.  and  F.  T.  Gregory,  Nov.  1 7. 1 847  (QDiit 
Joum.  Geol.  Soc.  toI.  iv.  p.  142).  The  author  also  prepaitHl  a  aketch-inapflf  • 
part  of  the  geology  of  Western  Australia  (accompanied  by  sections),  aiiduaeri 
It  in  the  hands  of  Mr.  J.  Arrowsmitli,  who,  having  engraved  and  publi^Kdhit 
his  own  cost,  has  kindly  presented  a  copy  to  the  £cie^,  and  liberally  permittei 
any  use  to  be  made  of  it  The  sections  at  p.  477  are  redooed  from  those  engnvri 
with  this  map. 

t  Though  granite  may  not  be  anywhere  erupt  ire,  yet  all  granite  was  immtifi ; 
but  in  Australia  the  old  covering  into  which  it  was  irrupted  is  almost  etmtS^ 
removed  by  denudation  over  very  large  areas.  The  term  " continental "  Mpw- 
bably  intended  to  express  this  fact  by  the  author,  whoso  absence  in  AiuCnliapN^ 
rents  hu  revision  of  ibis  ^^m^  ^bil«t  in  the  press. — ^Eoir. 
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elevation^  for  the  first  300  miles  on  the  south,  rises  abmptly  from  a 
sea-flat  or  plain  of  small  elevation,  to  the  height  of  horn  800  to 
1200  feet  above  the  sea,  gradually  ascending  for  200  miles  to  the 
eastward,  to  1400  or  1600  feet,  and  in  a  few  instances  to  1800  and 
2000  feet.  Further  towards  the  east  it  begins  to  dip  under  beds  of 
saliferous  sandstone,  ridges  of  fine  red  sand,  salt-marshes  contain- 
ing beds  of  gypsum,  calcareous  tufa,  and  felspathic  clays,  which  are 
occasionally  interrupted  by  small  detached  ranges  of  eruptive  xock 
capped  with  jasper,  and  beautifully  striped  red  and  black  metamor- 
phic  sandstones.  These  ranges  have  a  sharp  rugged  outline,  ruing 
abruptly  from  the  plains  to  an  elevation  of  from  200  to  500  feel, 
and  seldom  extending  for  more  than  two  or  three  miles  in  length) 
without  any  certain  direction,  although,  perhaps,  more  frequently 
runnmg  N.N.W.  and  S.S.E. 

The  Western  Coast — Between  the  west  escarpment  of  the  table- 
land or  Darling  Kange  and  the  sea,  lies  a  low  belt  of  country  from 
20  to  60  miles  in  width,  the  upper  portion  of  which  is  e\-idently  of 
very  recent  formation,  and  at  no  very  distant  period  has  been  sub- 
merged under  the  ocean.  From  Flmder's  Bay  northward  to  the 
Moore  River,  this  tract  of  country  does  not  generally  attain  to  a 
greater  elevation  than  from  40  to  200  feet,  only  reaching  the  latter 
elevation  when  the  action  of  the  wind  has  driven  the  sands  from  the 
sea  into  ridges  running  parallel  to  the  coast.  Those  portions  con- 
taining a  large  amount  of  shelly  and  oilcareous  matter  have  since 
formed,  by  the  operation  of  water,  into  aggregations  of  more  or  lesa 
compact  limestone,  which  give  a  rugged  outline  to  the  MUb  near 
the  sea. 

Proceeding  northward  from  the  Moore  Biver,  a  nearly  parallel  and 
lower  branch  of  gneiss  from  the  Darling  Bange  diverges  gradually  to 
the  westward,  appearing  only  in  a  few  places  on  the  Smith  and 
Irwin  Bivers,  forming  a  valley  widening  to  the  north,  which  containi 
the  coal-field  of  the  Irwin ;  neither  the  valley  nor  the  gneiss  hnoB 
a  continuous  line,  being  covered  by  an  elevated  tract  of  Crotaceoa8(?) 
and  Tertiary  sandstone.  The  gneiss  appears  once  more  to  the  north- 
ward in  a  detached  mass,  extending  from  Champion  Bay  to  the 
Murchison  Biver,  forming  the  fertile  and  rich  mineral  district  in 
which  so  many  valuable  lodes  of  lead  and  copper  have  been  discovered. 
These  lodes  take  an  almost  invariable  direction  of  N.  32^  £.,  with  a 
general  dip  of  about  80°  to  the  W.N.W.,  and  are  accompanied  bj 
parallel  dykes  of  whinstone,  quartz,  or  porphyry,  vaiying  frtymafeir 
feet  to  60  or  60  yards  in  breadth. 

The  gneiss  here  abounds  in  garnets,  of  rich  oolouTy  bat  much 
flawed ;  specimens  of  plumbago,  tin-ore,  antimony,  and  anenic  are 
occasionally  found.  Specks  of  gold  have  also  been  obtained  by  wash- 
ing the  sands  in  the  Bowes  Biver. 

Betuming  southward  to  Flinder*s  Bay,  the  Sussex  coast  shows  an 
outlying  range  of  gneiss  rising  towards  the  east  fitnn  beneath  iha 
superior  deposits  and  eztendirig  from  Cape  Leeuwin  to  Gape  Natonl- 
iste,  thus  forming  a  bold  promontory  which  is  joined  to  the  main- 
land by  a  low,  ferruginous,  sandstone  formation  of  recent  date.    At 
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Cape  Leeawin  the  gneiss  b  composed  almost  entirely  of  felspar, 
forming  a  cliff  upwards  of  70  feet  high,  capped  with  water- worn 
hlocks,  the  remains  of  an  ancient  sea-beach.  About  fifteen  miles  south 
oi  the  cape  it  dips  considerably,  and  the  red  sandstone  shows  itself 
where  the  brooks  have  cut  through  the  superincumbent  coast-lime- 
stone. Thirty  miles  from  Gape  Leeuwin  it  contains  large  quantities 
of  garnets;  and  their  fragments,  with  titaniferous  iron-sand,  are 
strewn  on  the  beach  for  some  miles. 

At  the  Leeuwin,  vertical  veins  of  hornblende  traverse  the  gneiss, 
some  of  them  100  feet  in  width.  The  only  other  locality  in  which 
the  gneiss  is  developed  to  any  extent  is  on  the  Pallinup  Kiver,  east- 
ward of  King  George's  Sound,  and  at  Doubtful  Island  Bay,  still 
further  east.  No  mineral  lodes,  however,  have  as  yet  been  dis- 
covered in  these  districts ;  but  small  masses  of  plumbago  and  garnets 
are  not  unfrequent. 

Igneous  Rocks, — ^The  distribution  of  eruptive  rocks  is,  as  shown 
an  the  map,  very  general.  Of  basalt  the  cluef  mass  lies  at  Bunbury, 
xisiiig  about  30  feet  above  the  sea ;  it  is  rudely  coliminar,  and  con- 
tains traces  of  copper  in  its  natural  joints,  fractures,  and  cavities, 
but  not  in  its  substEmce,  leading  to  the  belief  that  it  cuts  a  copper- 
lode  below ;  there  is  no  rock  seen  in  contact  with  it.  A  brown  clay 
adjoining  contains  water- worn  quartz-pebbles,  amongst  which Ifound 
an  opalescent  stone,  the  size  of  a  large  pea,  marked  within  with 
five  spots  in  the  form  of  a  perfect  cross  [chiastolite  ?].  About  five 
miles  south  the  basalt  again  makes  its  appearance,  and  at  twenty  miles 
it  crosses  the  bed  of  the  Gapel  Eiver,  and  finally  crops  out  in  a  con- 
tinuation of  the  same  line  on  the  south  coast  to  the  eastward  of 
Flinder's  Bay.  At  Mundejung,  11  miles  south  of  Kelmscott  (which 
is  a  few  miles  S.S.E.  of  Perth),  there  is  a  small  patch  of  basalt 
protruding  between  the  syenite  and  clay-slate.  Detached  fragments 
are  also  found  at  King  George's  Sound,  and  on  the  shores  of  Doubtful 
Island  Bay. 

QwirtZ'vei'M. — Quartz-veins  are  by  no  means  unfrequent  at  the 
higher  levels,  and  take  a  general  N.N.E.  direction.  The  quartz  is 
mostly  crystalline  and  lustrous;  and,  with  the  exception  of  the 
veins  accompanying  the  lodes  of  lead  and  copper,  and  at  a  few 
places  on  the  Upper  Gascoyne,  it  is  seldom  cellular  or  of  the  peculiar 
opake  milk-white  colour  which  characterizes  the  quartz  of  the  gold- 
fields  of  Victoria  and  New  South  Wales.  The  largest  mass  yet 
found  is  on  the  &ce  of  the  Darling  Bange,  5  miles  north  of  Kelm- 
scott, and  forms  a  conspicuous  mark  as  seen  from  the  coast. 

SlaU$. — The  development  of  chlorite-schist  and  day-slate  is  very 
limited,  and  chiefly  confined  to  the  western  escarpment  of  the  granite. 

Silurian  Rocks  ? — Of  the  existence  of  the  Silurian  system  in  this 
province,  I  have  hitherto  been  unable  to  procure  any  positive  proofs, 
owing  to  the  deficiency  of  fossils  in  the  localitieR  in  which,  judging 
by  analogy,  there  is  reason  to  suppose  it  might  occur.  The  Mount 
Barren  Ranges  are  the  only  position  in  which  rocks  are  found  bearing 
any  Silurian  character,  or  holding  that  relative  position  with  regard 
to  other  formations. 

Devonian  Bodcs'f — Following  up  the  formations  in  what  I  have 
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aB0iimed  to  be  their  regular  order  in  the  flsceBding  series,  ns  Ulmliaii  j 
on  the  map,  we  como  to  the  compact  felspathic  clay^,  sandstxiai^i 
ftrniginoas  canglomerates  that  cap  the  greater  p>rtion  of  the  til 
land  of  the  DarHng  Kaiige» — Tarying  probablj  from  100  frtliri 
tinder  in  thickness  (fig.  1 ),  All  my  researches  have  hitherto  fiukd  A 
detecting  any  fossik  in  this  fonnation ;  but,  from  its  resting  vmafi- 
diately  upon,  and  blending  with  the  n^^r  sur&ce  of  the  ^nrn^ 
and  apparently  resulting  from  the  decomposition  of  the  groiit* 
itself,  I  am  led  to  believe  that  it  is  much  older  than  the  stratified 
sandstones  further  north,  or  those  to  the  south  and  east  of  ^ 
Stirling  Eange,  and,  except  in  a  few  places  in  its  tipper  portitms^ 
lower  in  the  system  than  the  Carbomferous  formatioDd  on  the  FiU- 
gerald  and  Irwin  Eivers, 

Carhoniferom  7?ori'*.— On  the  Carboniferous  formation  I  wmiM 
only  venture  to  offer  the  additional  remark,  in  ampMca^tiQ  of  th# 
map  and  sections,  that  the  coal  on  the  Irwin  Itivcr  appeam  lo  k 
almost  immediately  covered  by  the  Cretace^jus  (?)  fiand?t<ine.  tht  i^iiii- 
ferous  or  New  Red  being  either  very  thin  or  altogether  wanting  (%JV 
The  coal-seams  are  well  defined^  and  dip  at  a  considerahlf  ai^i 
the  specimens  obtained  from  the  exposed  edges  contain  a  \ax^  p»- 
centf^  of  carboiij  but  are  deEciont  in  bitumen.  On  the  Fitj:j:i5ili 
River  a  true  seam  has  not  yet  been  fonnd :  the  known  bed  u  b^- 
jiontal^  resting  unconformably  upon  the  edges  of  highly  eleritcd 
Carboniferous  shales,  and  contains  many  distinet  finagtuenta  of  ^J 
beroifoasHized  wood  and  pieces  of  infusible  refitn ;  it  is  in  tmia*- 
diate  contact  with  a  band  of  green  sand  of  several  hunditd  f<*t  ib 
tliiekncss,  similar  in  appearance  to  tho  Upper  Greensand  in  the  W* 
of  Wight ;  but  whether  under-  or  over- lying,  I  oonld  not  aic«Ui2 
with  certainty  (fig.  4). 

Crata^tou^  (?)  Eocl^s.—Va^  Cretaiseous  (?)  are  the  moat  estaiinlT 
developed  of  the  sedimentary  rocks  in  Western  Atistmlsfl,  iiid  «• 
almost  exclusively  siliceous  in  character,  containLng  only  feir  b*di 
of  chalk,  of  very  inferior  quality.  They  abound,  however,  mart  is 
fossik  than  tho  Carboniferous  do^  and,  with  the  exception  of  the  retrtt 
ooast-limestone,  more  so  than  any  other  formation.  Flints  afr  n*«^ 
foimd  in  them.  Tho  bed  of  the  Gireenoiigh  RiTor  is  the  b«t  «?oii^ 
procuring  specimens,  although  a  few  are  fotuid  ift  the  cbftli-1^ 
near  (lingin  (spines  of  Echiuodermjs,  <fee*)- 

j&Uan  Eocks  of  iht  Co<wf.— Turning  to  the  co^-rwig?  da* 
borders  a  large  portion  of  the  sea-coast,  espedaJly  on  the  w»ttni 
shores »  we  have  a  remarkable  instance  of  the  eonstmctiv©  aod  »c*o* 
inulative  power  of  tho  wind*  The  peculiar  formation  of  tii«©  feil|* 
renders  it  quite  evident  that  they  are  more  rtjcent  than  ^o  low  f™* 
upon  which  they  stand,  as,  when  cat  thiDUgh  by  the  fimir  fliij 
present  a  bold  wavy  stratification^  always  more  abrupt  InUuidt  1^ 
prevailing  winds  being  from  the  8.W,  The  bivalTO  didb  iinWW 
in  them  almost  invariably  lie  with  their  eotienYe  Tb^xb  downwaA*- 

*  In  these  calcwwuja  hed«  th*  foUowiiig  w^^m  are  (on  U»  in<feor'»n^> 

AtAled    to  oocrur:— itofrMm  ^a/ffl,    B^fulla  ^&nifrra,    S&itirfttm  ^ 

and  Bulla  mnpxdla. 
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Becent  Elevation  of  the  Land. — Of  recent  changes  of  elevatioQ 
there  are  but  alight  evidenoea.  The  numerous  beds  of  oyster-  ind 
cockle-shellsy  just  above  the  present  sea-level,  of  species  still  eziitent 
in  the  adjacent  seas,  tend  to  prove  that  there  has  been  a  grBdml 
though  slight  upheaval  of  the  coast  since  its  first  emergence  from 
the  ocean.  To  this  may  be  added  the  fact,  that  the  renuuna  of  a 
vessel  of  considerable  tonnage  have  been  discovered  in  a  ahallov 
estuary  near  the  Vasse  Inlet,  and  now  quite  shut  out  from  the  sea, 
which,  from  its  appearance,  I  should  judge  to  have  been  wrecked 
more  than  two  hundred  years  ago,  during  which  period  the  land 
appears  to  have  risen  about  two  or  three  feet.  This,  together  with 
the  fact  that  within  the  known  limits  of  Western  Australia  there  is 
not  a  single  volcano,  cither  active  or  extinct,  nor  any  but  slight 
evidences  of  volcanic  agencies  having  been  at  work,  goes  far  to  prove 
that  this  portion  of  the  Aiistralian  continent  has  undergone  fewer 
changes  than  almost  any  other  part  of  the  world. 

Conclusion. — ^A  careM  digest  of  the  preceding  &cts,  together 
with  other  observations,  leads  to  the  following  conclusions,  which 
differ  but  slightly  from  some  geological  notes  published  in  the 
colony  some  ten  years  ago  by  my  late  brother,  Mr.  J.  W.  Gregoiy  :— 

First,  that  the  Darhng  Range  possesses  no  true  anticlinal  axia, 
but  is  a  sudden  break  and  descent  of  the  table-land  of  the  interior 
to  the  plain  or  sea-flat  of  Quartaina,  which  will  acoount,  perhaps, 
for  the  non-appearance  of  the  Silurian  rocks,  and  for  the  very  narrow 
belt  of  chlorite-  and  clay-slates.  Secondly,  that  the  Darling  Range 
attained  nearly  its  present  elevation  (that  is,  relatively  to  the  other 
strata,  but  not  with  regard  to  the  sea-level)  before  the  period  of 
the  Coal-formation.  Before  the  Carboniferous  (or  at  least  Upper 
Palseozoic)  period,  the  pre-existing  rocks  into  which  granite  had 
been  largely  irrupted  were  so  extensively  acted  upon  by  denudation 
as  to  be  almost  completely  removed,  their  present  surfice-outline 
being  nearly  the  same  as  that  which  they  had  during  the  Upper 
Pahcozoic  period.  On  that  surface  the  Carboniferous  rocks  were  de- 
posited unconformably.  They  were  again  denuded,  and  CretaoeoQB(?) 
and  Tertiary  rocks  were  deposited  unconformably  on  both.  Since 
then,  the  country  has  been  both  elevated  and  deprossedy  more  than 
once  perhaps,  but  bodily  and  equably,  and  without  tilting. 

Note  by  the  Editob  of  the  Q.  J.  G.  8. 

Besides  numerous  specimens  of  rocks  and  minerals,  the  follow- 
ing fossils  are  comprised  in  Mr.  Gregory's  collection  lurought  from 
Western  Australia : — 

CarboniferouB  foeBilB  from  Irwin  River  (with  coal): — 

Spirifer  (two  speciee).  I  KaatUus. 

ProductuB  (two  spedee).  I  Cyathoplnrllam  (aiiall). 

Pleurotomaria.  I  Encrixutal  ftama. 

Spirifer  from  Lyons  River,  East  of  Kennedy  Range. 

Ckwl  (brown-coal)  from  Fitzgerald  River,  and  a  fragment  of  a  C^kopk^flnk 
from  "aboTe  the  cso«a." 
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FomQb  of  Secondary  age  (IHffonim  and  Ammonites)  from  the  Moresby  Range ; 

and  an  Ammonite  in  a  soft,  white  rook  (not  calcareous)  from  the  foot  of 

Monnt  Albert. 
Peden  from  Victoria  Bange,  4  miles  East  of  Wizard  Park,  Moresby  Range. 
Fosnl  wood  from  the  Moresby  Range,  the  Stirling  Range,  and  the  Upper 

Murciiison  River. 
A  Bnall  Ventricalite  in  flint  from  Qingin. 


On  the  Zones  of  the  Loweb  Lias  and  the  Avicula  contorta  Zotie, 
By  Chables  Moobe,  Esq.,  F.G.S. 

[Plates  XV.  &  XVI.] 


COKTEITTS. 


Introduction. 
Jl.  Lower  lias  and  Rhsetio  Beds  of  the 
neighbonrhood  of  Ilminster. 
Sections  at  Beer-Crowoombe. 
Sections  at  North  Curry  and  Knap. 
f  2.  Subdiyiabns  of  the  Lower  Lias  and 
Bluetic  Beds.    The  true  position 
ofthe'*  White  Lias." 
I>r.  Wright's  yiews  of  the  position 

of  the  White  Lias. 
White  Lias  at  Beer-Crowoombe. 
Section  at  Street 
Section  at  Stoke  St  Mary. 
Section  at  Pibsbury. 


§3. 
§4. 


Section  at  Steven's  Hill,  near  Long 

Sutton. 
Section  at  Saltford. 
Other  Sections  in  Somersetshire — 

Batheaston  and  Paulton. 
Section  at  Westbury. 
Sections    in    Gloucestershire  and 

Warwickshire. 
Sections  at  Lyme  Regis. 
Trueposition  of  the  White  Lias. 
The  l^Loetic  Formation. 
The  Rhictic  Fossils. 
Description  of  the  Fossils. 
Appendix. 


Introdudum, — In  a  paper  on  the  above  subject  by  Dr.  T.  Wright, 
F.G.S.y  which  appeared  in  the  *  Journal  of  the  Geological  Society '  for 
November  last*,  reference  is  made  to  the  occurrence  of  the  Avicula 
eontarta  zone  at  Beer-Crowcombe,  near  Ilminster,  and  a  list  of  the 
organic  remains  from  thence,  amounting  to  thirteen  species,  furnished 
by  the  Rev,  P.  B.  Brodiet,  is  given.  In  the  year  1847  that  gentle- 
man aooompanied  me  to  the  locality,  when  the  fossils  thus  noticed 
were  obtained.  Since  that  time  I  have  much  increased  their  nimi- 
ber,  and  I  have  also  been  enabled  to  establish  the  exact  relative 
position  of  the  Avicula  contorta  bed,  which  at  the  time  of  our  visit 
was  not  clearly  known. 

It  was  my  intention  to  have  noticed  in  detail  the  sections  that  I 
give  below  in  connexion  with  a  paper  which  I  am  preparing  on  the 
Frome  district,  and  in  which  I  should  have  shown  that  many  of  the 
organic  remains  that  are  deposited  in  the  fissures  of  the  Carboniferous 
I^estone,  and  associated  with  the  Microlestes  and  other  extinct 
Mammalia,  are  derived  from  the  Bone-bed  and  other  beds  of  the 
Avicula  contorta  group ;  but,  as  some  time  will  elapse  before  that 
paper  is  completed,  and  as  the  attention  of  both  English  and  Con- 
tinental geologists  will  have  been  directed  to  the  above  subject  by 
Br,  Wrist's  paper,  I  have  considered  it  important  that  any  addi- 
tional information  in  connexion  with  the  interesting  fauna  and  the 
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exact  positions  of  these  bods  should  be  at  once  oommunicated ;  and 
this  is  the  more  desirable,  since,  unfortunately  for  what  otherviae 
vould  have  been  an  excellent  and  useful  paper,  that  gentleman  bis, 
in  my  opinion,  either  mistaken  or  reversed  the  proper  order  of  the 
lowest  Liassic  zones — an  error  attending  it  throughout,  and  vhidi, 
unless  corrected,  may  lead  to  some  confusion. 

§  1.  The  Lower  Luts,  Sfc,  of  IlminsUr  atid  the  fieighhouring  diitrid, 
— Before  noticing  in  detail  the  section  at  Beor-Crowcombe,  a  short 
description  of  the  geological  features  of  the  district  may  be  usefiiL 
These  are  to  be  observed  in  a  walk  from  Ilminster  through  Beer- 
Crowcombe  to  Curr}'-Rival,  and  thence  passing  to  North  Cuny;  and 
thus  within  a  distance  of  about  ten  miles  the  formations  from  the 
Upper  lias  to  the  Keuper  sandstones  may  be  studied. 

At  Ilminster  the  Upper  Lias  forms  the  summit  of  the  hills,  capping 
the  Marlstone  or  Middle  lias.  The  former  beds  are  rarely  more 
than  from  6  to  8  feet  in  thickness,  whilst  the  stone  of  the  latter,  for 
which  the  quarries  are  worked,  has  an  average  thicknens  of  aboat 
8  feet.  Descending  the  hill  west  of  Ilminster,  towards  the  Bridge- 
water  and  Chard  canal,  which  leads  to  Beer-Crowcombe  and  Conr- 
Rival,  the  escarpment  of  the  Middle  lias  is  passed,  the  lover 
members  of  this  zone  being  rarely  exposed.  They  consist  of  brovn 
and  grey  micaceous  brick-clays,  having  a  thickness  of  about  130  feet 
On  reaching  the  level  of  the  canal,  these  have  graduated  into  the 
upper  blue  marls  of  the  Lower  Lias ;  but  sections  of  these  are  alw 
rarely  seen.  In  this  neighbourhood  they  are  usually  covered  bj 
thick  beds  of  gravel,  derived  from  the  Chalk  and  Grcenaand  of  tk 
Blackdown  range,  a  few  miles  to  the  south. 

The  canal  for  about  four  miles  is  continued  on  these  Lower  Lias 
marls,  which  at  Ashill,  a  little  to  the  west,  have  been  proved  to  t 
depth  of  80  feet.  At  Beer-Crowcombe  the  canal  enters  a  tunnel, 
excavated  on  the  south  side  in  the  Lower  lias.  It  emerges  again  it 
Wrantage,  about  two  miles  to  the  north,  under  a  bold  escarpment  of 
the  variegated  marls  of  the  New  Red  Bandstone.  As  these  fonni- 
tions  have  here  bei^n  uplifted,  with  a  slight  dip  to  the  south,  a  good 
section  of  them  was  made  in  cutting  the  canal.  It  was  from  the 
southern  end  that  the  few  blocks  of  the  Avicula  contorta  bed  men* 
tioned  in  the  Rev.  P.  B.  Brodie's  communication  to  Dr.  Wright 
were  obtained.  Its  position  will  be  recognized  as  tho  <<  Flinty 
Bed,"  No.  81,  of  the  accompanying  section  (p.  486). 

Passing  down  the  northern  escarpment  of  the  beds  before-men- 
tioned, and  crossing  the  valley  towards  North  Carry,  the  Kenper 
sandstones,  with  their  characteristie  plant-beds,  may  be  seen  in  the 
roadside  leading  to  Morden,  dipping  under  the  formations  alnadj 
noticed ;  whilst  a  little  north  of  the  village  another  escarpment  of 
these  Keuper  beds  stretches  away,  as  far  as  the  eye  can  readi,  to- 
wards Langport,  bounding  the  alluvial  plain  which  extends  to  tho 
Bristol  Channel. 

In  one  of  the  first  blocks  of  Keuper  I  examined  at  North  Gurry  I 
was  reminded  of  tho  Reptiliferous  sandstones  near  Elgin  *,  by  fin^ig 
*  See  Q;aaft  Joum.  Q«oL  Soo.  voLzn.  p.4M. 
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in  it  an  impeifect  rib-bone.  It  also  yielded  traces  of  fish-scales 
and  plants.  A  character  these  sandstones  possess  in  common  with 
some  of  the  Scottish  beds,  particularly  those  of  the  Quarry  Wood 
range  near  Elgin,  is  that  they  contain  a  number  of  flattened  pellets 
of  marl,  which,  on  being  weathered  out  of  the  stone  by  cxposure^eave 
on  the  sur&ces  of  the  blocks  their  rounded  or  oval  casts. 

At  Knap,  west  of  North  Curry,  there  is  a  largo  sandstone  quarry 
in  which  the  beds  are  lower  than  those  just  mentioned ;  but  the  pas- 
sage-beds between  them  are  unknown.  Sections  are  given  below, 
p.  486.    At  this  place  the  beds  are  non-fossiliferous. 

Sections  at  Beer-Oroweambe. — ^My  friend  Mr.  Brodie,  in  his  com- 
munication to  Dr.  Wright  on  the  beds  exhibited  at  the  Beer-Crow- 
combe  quarries,  remarks  that  '<  there  are  several  thin  beds  of  lime- 
stone, but  not  so  thick  as  those  in  Warwickshire*".  From  the 
following  section,  which  I  made  in  the  year  1850,  it  will  be  seen 
that  they  are  of  much  greater  thickness  and  importance  than  his 
remark  implies,  or  than  our  hurried  visit  to  them  in  1847  enabled 
him  to  realize ;  indeed  1  know  of  no  other  section  in  this  zone  of 
rocks  fuller  or  more  instructive. 


Sections  of  the  Beds  in  descending  order. 
At  Ilminsteb. 


Ujper  Lias 

Middle  Zaos,    Mftrktone 

YunooB  brown  and  grev  mica- 
eeoua  brick-days,  with  inter- 
calated oandfltone  and  ooca- 


ft.  in. 
donal  impressions  of  organio 

remains 130    0 

Lower  Lias.  Upper  blue  marls 
on  the  line  of  canal  and  at 
Ashill 80    0 


At  Bexb-Cbowcombe — Mr.  Homibrook's  Quarry. 


ft.  in. 


Vegetable  soil 

2 

9 

1.  Bastard  rock 

2,  8h|Jf^ - 

0 

1 

4 

8 

3.  Bastard  rock 

4.  8halfl 

0 

1 

9 
9 

6.  Bastard  rock 

6.  Shale 

0 

2 

5 
0 

7.  Bastard  rock 

1 

0 

8.  Shuk        

2 

0 

9.  First  buff  coat  

10.  Shale 

0 

0 

6 
7 

11.  Bastaidrock 

12.  Shale 

0 

0 

2 

4 

13.  Second  buff  coat 

14.  KhftiA 

0 

0 

4 
2 

15.  Third  buff  coat  

16.  8hAli^     

0 

0 

2 
2 

17.  Bastard  rock 

18.  Shale 

0 

0 

2 
34 

19.  Glassy  blue  bed 

20.  Shale 

21.  Jack  blue  bed 

22.  Shale 

23.  Mumbling  bod 

24.  Shale 

25.  Mumbling  bed 

26.  Shale 

27.  First  Come-by-chance 

28.  Shale 

29.  Second  Come-by-chance . . . 

30.  Shale 

^  (^\.  First  bhwjk  rock..... 
-     32.  Shale 

33.  Second  black  rock.. 

34.  Third  black  rock.... 

ai.  Shale 

36.  Fourth  black  rock 

(bottom-bed) 


ft.  in. 

0  U 

1  5 
0  10 
0  2 
0  5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


6 
2 
3 
5 
4 
1 
5 
1 
6 
6 
0    6 

0    8 


•Loc.eit, 
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Conimued  in  Mr.  Vile's  Quany. 


ft.  in. 
/37.  Hookitoiieclay.  (Nu- 
merouB       mttored 

Saurian  remaini.)...  2  0 

38.  Hookftone   0  8 

39.  Shale 0  & 

40.  Claj-bata 0  4^ 

41.  ShJe 0  10 

42.  Thick  bum 0  0 

43.  Shale 1  0 

44.  Ifilleybum 0  5^ 

46.  Shale 0  3 

46.  Firenrtone 0  3 

47.  Shale 1  4 

(48.  Paying-bed  0  4 


49.  Shale 

50.  PaTing-bed 

51.  Shale 

62.  Bed  bed 

53.  Shale 

54.  Black  bed 

55.  Shale 

56.  Cloff-atone. 

57.  Shale 

58.  Bed  fire-etone 

59.  Shale 

60.  Blue  bed 1 

61.  Shale 2 

62.  Dunitor 1 


ft.  in. 

81 


Continued  in  Mr.  Banfidd's  Quarry. 


I 

3 


/'63. 
64. 
65. 
66. 
67. 


70. 

171. 


Shale 


ft.  in. 
1  10 


White  lias 0  8 

Shale  0  6 

White  lias 0  6 

Shale  0  3 

White  lias 0  3 

Shale  0  3 

White  lias 0  2 

White  lias 0  6 


^72.  Shale  0  S 

73.  White  Lias 0  S 

74.  Shale  0  3 

.  76.  White  Lias 0  6 

'  76.  Shale  0  4 

77.  White  Lias 1  0 

78.  Bubbly  Bed   0  5 

,79.  White    lias   (bottom- 
bed) 1  1 


The  position  of  the  "  Flinty  bed  "  in  the  Avicula  contorta  wne 
below  was  satisfactorily  established  by  the  united  testimony  of  serenl 
labourers  who  assisted  in  the  ezcavation  of  the  tunnel,  by  an  ex- 
amination of  the  waste-heaps,  and  bj  several  sections  in  the  nei^- 
bouring  escarpments. 


^1^ 


ft.  in. 
/'SO.  Grey  ahaly  marl    ...    5    6 

81.  "  Ffintj  bed  "  (yery 
foaailiferous)    1    0 

82.  Blue  Bhaly  marl 3    0 

83.  Pale  blue  stone,  with 

yegetable-likemark- 

ings  1    2 


J- 


/'84.  Light  blue  marl 6  0 

passing  into 
86.  VariM^  blue  and 
red  Keuper  marls, 
with  alabaster, 

about  100  0 


Sections  at  North  Curry  and  Knap, — ^Following  below  the  TUVb- 
gated  marls  (the  precise  thickness  of  which  is  unasoertained),  oomfl 
in  the  Upper  Keuper  Sandstones  of  North  Cuiry :  thus — 

Section  in  (he  Lane  near  the  Church. 


Various  beds  of  dull  grev  and 
brown  sandstone,  enclosing 
nodules  of  marl,  and  contain- 
injg  EtfkeHa,  Plants,  traces  of 
Fish-soales,  and  a  Beptiliim 

bone 

(The  abofe  thicken  in  their 
*'    to  the  south.) 

marl 


ft.  in. 


3    6 


\    0 


Itia. 

Bed  marl  S  0 

lig^  blue  marl    0  S 

Compact  red  marl  in  thin  UuaahuD   5  0 

Nodularmari    S  0 

Bluemari 1  0 

YaricaatedredandhliiBmari...    4  0 

Bed snale^ with quaita-gTHiw...    6  0 
Bed  and  blue  oompaol  maria 

ibout 40  0 
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Seetian  offUTI  lower  beds  at  Knap  ;  1|  mile  distant. 


ft.  in. 


Yariegvted  marl* 5 

Beep-red  mari 1 

Ghoocdete-ooknired  marl 2 


Gompaet  CNj  itone. 

Qnj  marl 

Bed  marl  

€bej  marl 

Qnj  laiidfltoiie,  thin  ocHunes 


ft.  in. 

Sandstone 1  10 

Kedmarl  1  10 


Ghrey  landatone.. 
Do.       do. 
Do.        do. 
Do.        do. 
Do.        da 


2    2 
2    2 

2  3 
0  10 

3  6 


The  beds  at  Knap  are  covered  by  a  drift  composed  of  cherty 
pebbles.  They  afford  no  indications  of  organic  remains ;  but  litho- 
logically  they  present  a  close  resemblance  to  the  Upper  Eeuper 
Scoidstones  of  Worcestershire. 

§  2.  Subdivisions  of  the  Lower  Lias,  ^c, ;  the  true  position  of  the 
**  White  lAas,^* — ^In  the  division  of  the  liassic  beds,  Dr.  Wright  has 
fi^owed  Dr.  Oppel  of  Munich  in  adopting  a  series  of  Ammonite- 
tones, — a  plan  which,  though  generally  convenient,  may  not  always 
be  safe,  since  it  is  probable  that  at  any  time  the  range  of  specific 
ftmns  may  require  to  be  extended. 

The  lones  thus  adopted  (by  Dr.  Wright)  in  descending  order  are, — 


1.  JbmnonUeB  raricastatus  wnie. 

2.  A.  osynotkus  sone. 
8.  A»  oUunu  xone. 

i.  A.  Ikmeritoue. 
5.  A,  Bueklandi  sone. 


w  lone,  including  White 


I  Ostrea-bedfl. 
7.  Avieula  contorta  beds,  Keaper. 


Between  the  zones  5  and  6  Dr.  Oppel  has  placed  a  zone  of  the  Am, 
angulatus ;  but  this  is  a  species  that  has  a  considerable  range  into  the 
otiiier  zones,  and  is  therefore  properly  omitted.  I  do  not  take  excep- 
tion to  any  of  the  divisions  above  the  Am,  planorbis  beds,  but  I  pro- 
pose inserting  below  those  beds  two  other  zones,  viz. : — a  Saurian  zone, 
and  the  White  lias  zone  of  Mr.  Smith.  When  I  refer,  therefore,  in 
the  following  remark  to  the  '*  White  lias,"  it  is  to  be  understood  as 
everywhere  occupying  a  position  immediately  above  the  Avieula  eon- 
torta  zone  and  at  the  base  of  the  true  liassic  series.  Its  position 
teems  to  have  been  mistaken  by  Dr.  Wright,  who  has,  in  my  opinion, 
been  miBled,by  thequarrymen  in  the  different  localities, into  supposing 
that  their  local  beds  of  **  White  lias,"  or  what  would  be  a  white- 
looking  band  of  stone  in  a  blue-lias  quarry,  is  the  true  White  lias  of 
Smith,  which  is  a  series  of  beds  occupying  a  uniformly  lower  position. 

I  propose,  therefore,  the  following  arrangement : — 

6.  Ammonites  planorbU  tone, 

7.  Enalioeaunan  zone. 

a  Avu^uI^^Uarta  beds.  }  ^^""^  Formation. 
10.  Keaper  marls. 

In  my  section  at  Beer-Crowcombe,  the  beds  Nos.  1  to  30,  which 
are  saperior  to  the  Am,  planorbis^  represent  one  or  more  of  the 
zones ;  but,  as  at  this  place  I  have  found  no  Ammonites  in 
u,  their  divisions  are  undeterminable. 
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In  the  remaining  portion  of  my  paper,  the  remarks  I  ahall  offer 
will  have  more  especial  reference  to  the  beds  which  Dr.  Wright  hu 
included  in  the  Arn.  planarbis  zone  and  to  those  following  bebw.  I 
shall  then  show  the  desirability  of  adopting  a  different  classificatioB 
for  those  he  has  included  in  the  group  characterized  by  the  Avieitk 
contorta,  which  latter  beds  are  placed  by  Dr.  Wright  with  the  Eeoper: 
and  finally  offer  reasons  for  removing  them,  with  the  **  White  lla^ 
to  the  '<  EJuetic  Formation  "  of  Continental  geologists. 

Dr,  Wrighfs  views  of  the  position  of  the  White  Lias, — ^When  de- 
scribing the  zone  of  the  Ammonites  pla^iorbis,  Dr.  Wright  remarin 
(loe.  cit.  p.  389)  that  '*  in  general  it  consists  of  a  series  of  thin, 
greyish  or  bluish,  argillaceous  limestones,  with  alternating  beds  of 
laminated  shale;  or  sometimes  the  entire  series  forms  a  thick- 
bedded,  argillaceous,  cream-coloured  limestone,  called  the  WJuU 
Lias,  by  William  Smith.  In  the  upper  half  of  this  group  of  beds, 
Ammonites  planorbis,  Sow.,  is  found  in  great  numbers,  compressed 
in  the  shales,  with  its  white  sheU  more  or  less  preserved ;  in  the 
lower  portion  of  the  series,  Ostrea  liassiea,  Strickland,  appean  in 
great  numbers ;  and  beneath  these  strata  are  three  or  four  beds  d 
hard  limestones  (or  '  firestones '),  in  which  the  finest  skeletons  d 
Enaliosauria  have  been  discovered." 

Again,  at  p.  396  it  is  stated  that  the  <'  White  Lias  series  of  the 
section  at  Saltford  (p.  400)  represents  the  Am,plaw>rbis  beds:  hen 
also  the  relation  of  that  zone  to  the  Saurian  beds  below,  and  to  the 
Am.  Buchhndi  beds  above,  is  well  shown." 

In  the  table  given  at  p.  411  the  following  arrangement  and  de- 
scription of  the  beds  are  adopted : — 
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•13 

m 


Zone  of  A, 
planorbis. 


Ostrea- 
beds. 


Zone  of 
Avicula 
contorta. 


^  f.  Greyish  or  light-coloured  limeetonee,  in  thin  bdm 
intentratiJSed  with  finely  laminated  shalai;  the 
limestoneB  forming  the  paving-beda  of  Wanriok- 
shire,  and  the  White  lias  of  foraetahiro^  and  ood- 
taining  Am,planorlri$j  Am,  Jokfufom,  LtaufMe- 
(atOf  &c 
g.  Hard  dark-ffrey  limestone,  containing  Owtrta  ktrnks 
in  great  utuudance,  with  skeletons  of  Hemomtm 
megacfpkalffSf  P.  Hawkinmi,  Icktk^osawry*  nft^ 

.         THMiuSy  and  /.  tenuirasirU, 

^h.  Dark  shales,  with  thin  bands  of  limeatooes,  ota 
pyritic,  and  thin  beds  of  Ught^eoloured  mieaoeooi 
sandstone,  witli  a  thin  band  of  bone-broocia  nstf 
the  base.  These  contain  Avicula  contort^  FiKtm 
ValomtnsiSj  and  Pulkutra  artnieola. 


From  the  above  extracts  it  will  appear  evident  that  Br.  Wxi^ 
has  incorporated  the  White  lias  of  William  Smith,  Ccmybeaie  and 
PhiUips,  and  other  geologists,  with  the  AmmomU$  planorhii  txmtf 

*  Dr.  Wright  in  this  table  has  divided  the  Lower  Liaa  into  Amwumitjftfvat 
and  Non-anmonififerotu  beds, — the  former  ending  with  his  .^m.  nlmorto  nM^ 
the  latter  includinff  the  Ostrea-ione  (or  true  White  Ltaa)  and  the  Awk^a  em- 
torta  lone.  This  diTinon  is  not  desirable ;  for,  although  AmmomUn  an  nre  is 
the  lower  bedsof  the  lias,  th^  are  not  altogether  absent  I  bavaobtained  nsll 
flattened  specimens  from  the  »anrian  beds ;  and  Mr.  Tomes  infbniui  me  tihtf  M 
alK)  to  be  fo\md  ihIO\^Lh  Vhft  wbo\a  of  tha  Wanriokahira  liMrie  Htki^ 
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and  has  placed  the  Saurian  beds  either  in  or  below  the  Ostrea-beds,  the 
latter  bemg  in  fact  the  equivalents  of  the  White  lias  of  those  authors. 

White  Li<i8  at  Beer-Craweombe, — On  referring  to  the  very  full 
section  I  have  given  of  the  liassic  beds  at  Beer-Crowcombe  (p.  485) 
the  Am,  planorbis  zone  will  bo  seen  to  commence  with  the  bed  No.  31, 
and  appears  to  have  a  vertical  range  downwards  to  the  <'  Hookstone 
day,"  37,  lower  than  which  I  have  not  observed  it.  This  Ammonite 
is  abundant ;  and  is  sometimes  found  with  the  TrigonelUtes  in  place. 

Including  the  Hookstone  day  just  mentioned,  in  which  there  are 
numerous  scattered  Saurian  remains,  all  the  beds  following,  to  the 
l¥hite  lias,  may  be  said  to  constitute  a  Saurian  zone,  as  these 
xemains  may  be  found  more  or  less  abundantly  throughout  them ; 
though,  as  stated  by  Dr.  Wright  in  his  remarks  on  the  Street  section, 
to  which  I  shall  presently  refer,  the  finest  examples  are  usually  from 
the  lowest  beds. 

Immediately  below  the  Saurian  zone  will  be  found  the  true  posi- 
tion of  the  White  Lias,  whilst  its  continuation  downwards  into  the 
Avieula  contorta  beds  is  shown  in  my  section ;  and  beneath  these, 
again,  are  the  variegated  mark  of  the  Keuper,  and  their  underlying 
sandstones. 

Section  at  Street. — ^The  most  important  sections  from  Somerset- 
shire given  by  Dr.  Wright  are  those  of  Saltford,  near  Bath,  and 
Street.  The  latter  is  distant  about  14  miles  in  a  direct  line  from 
the  one  at  Beer-Crowcombe.  The  names  of  the  beds  in  the  latter 
locality  are  those  by  which  they  are  known  to  the  quarrymen.  On 
comparing  the  Beer-Crowcombe  section  with  that  at  Street,  although 
the  beds  vary  in  thickness,  which  might  be  expected  at  such  a 
dbtance,  a  parallel  may  be  observed  between  them,  and  some  of  them 
are  really  called  by  the  same  names.  Thus,  in  the  Saurian  zone  of 
the  Street  section,  the  Firestone  bed,  No.  29,  and  the  Grey  Clog, 
No.  25,  of  Dr.  Wright,  occupy  the  same  relative  position,  and  are  the 
probable  equivalents  of  the  "  Red  Firestone,"  No.  68,  and  the  "  Clog- 
stone,"  No.  56,  of  my  section  at  Beer-Crowcombe.  The  "  Yellow 
laminated  clay,"  No.  3,  at  Street  answers  the  description  and  occupies 
the  position  of  the  "  Hookstone  Clay,"  No.  37,  at  the  latter  place ; 
iHiilst,  reckoning  from  the  base  of  the  Saurian  zone  to  the  highest 
bed  in  the  Am.  planorbis  series,  there  is  a  difference  of  only  one  in 
the  number  of  beds  in  the  two  sections.  The  quarries  at  these 
localities  are  therefore  undoubtedly  on  the  same  horizon.  They  are 
chiefly  worked  at  both  places  for  the  paving-beds,  the  best  of  which 
are  found  in  the  lowest  part  of  the  l^urian  zone.  I  have  no  doubt 
that,  had  the  section  given  by  Dr.  Wright  at  Street  been  continued 
downwards,  the  White  lias,  as  shown  in  my  section  at  Beer-Crow- 
oombe,  woidd  have  been  found. 

Section  at  Stoke  St.  Mary. — ^In  order  still  more  clearly  to  point 
oat  the  invariable  position  of  the  White  lias,  I  give  particulars  of  a 
section  occurring  at  Stoke  St.  Mary,  near  Taunton,  which  I  have 
lately  had  an  opportunity  of  visiting  in  company  with  the  Eev.  W. 
A.  Jones,  F.G.S.  This  section  is  some  miles  south-west  of  that  at 
Beer-Crowoombe.    Although  slight  discrepancies  will  appear,  nearly 


all  the  lower  bedi  are  cAlled  by  tbe  same  samee,  occur  m  tbt  «b 
order,  and  are  luually  of  the  §ame  thiekneases  as  those  &t  B«cr,  ^ 
Baurian  romainfi  are  found  in  iha  same  zone  m  st  that  pbce  otd  it 
Street » 

This  section  ii  tbe  more  interesting  as  the  workingt  bi«  eanud 
down  through  the  £>auriaji  lone  to  the  lower  heda  of  the  Whit*  IIul 

For  the  sake  of  comparUon  I  have  appended  to  the  Stoke  St.  Umj 
bed»  the  numbers  they  represent  in  the  Bauriaji  lone  at  Beer^Crow^ 
eorabe.     The  TSTiite  Lias  beds  vary  mnoh  in  different  localitiei. 


I, 


s  fe  ^ 


44. 
46. 
la 

47. 
4«. 
49. 
50. 
61. 
52. 
53. 
54. 
55. 
56. 
57. 

5e, 


Gravel... .,,...,...  . 

Gi^j  hum 

Shale  , 

Pap-ment    ......... 

Shale   ......... 

Rough  Blue  h&L . . 

Blu4^  Rbmlo  ....,,„. 

CUjr-baU 

Slmlo   >.. 

[Sevcrftl   bed»   not 
rpcogniised  here.] 

BaiidfltOQe    ...,..,.. 

Shal^    ,< 

SAntJilOne    ,,„,.*.., 
Shale   ............... 

PaFiDg-bed......... 

Shale 

PaFing^bed.  *..„... 

Shale 

Sandflkine   ..,..,... 

Shflk 

Cockk-bod 

ShJil©  ..„ 

Clog-«fcone  .,.,.,„* 
Firestone-day  ... 
Firestono     .,. 


Section,  at  Stoke  St,  Maty, 

{Lin. 

fm.  Sbai» 


s 


60.  BJue 

^I.  Shalis.... „ 

4  63,  Shak „„ ^ 

51  Blu«  IdH  .,.„.,.,..^, 
ft5.  8h&U .......,,_,.., 

66.  Blu«Iia« .«,_ 

67,  ShtJe ,,,,., 

^Biidd«    „ 

Top^Bixe  Whit»  Bock 

Shale    , 

Scoood^die  Whit*  Eoofc... 

Shde „.,.. 

Third-etie  Whit«  Sock  ... 

5hale ,,-...,. , 

Tkmfttripe  ..«ir«.»., 
Shale    ........ 

Thin  fltnpe  . . 
Faurth-Atse  W1ufa» 

Sbde    ...„.„ „ 

GrabBot^  «..« 

Shale 

Dtiiuiter  Bag»  .....>. 
^Dm»ter  Bag«  .,«,„. 


P  M«4  i*!'*^  >^ 


0  1 

1  I 
3  fl 

i  0 
I  I 
(^  $ 

0  ! 

f  3 

0  I 

0  i 

0  I 

0  I 

0  t 

1  1^ 
0  If 

0  11 


Ko  direct  passage  leading  into  the  above- men tionod  h^  from  tba 
red  mark  is  to  be  observed  in  the  e^carpmentfi,  trnd  tltenlaif  ii 
trace  of  the  Avicula  cotUorUi  20ne,  WeUft  have  been  mink  to  a  ^ftSt 
of  60  foet  in  the  marb,  to  obtain  water.  In  tbe  mdm  of  the  lunipi<^ 
road  leading  to  Taunton^  ihm  b^s  of  Kenpe^  are  |tn»ent  with  /W- 

SfHion  at  Pibsbury. — In  addition  to  the  aeetions  already  mn^ 
rated^  there  ore  numerous  quarrieii  in  whieh  the  lower  loott  of  tli 
Lias  are  worked  in  the  district  aonth  of  Street,  at  Kiog-WviPi 
Keinton,  8parkford,  Somerton,  and  on  the  lino  of  road  betwMO 
Lnngport  and  Long  Sutton.  I,anfiT>ort  is  on  the  KfHipir :  aii4  m 
ascending  the  hill  from  thence  to  Huish-Episcopi,  the  WHu>  Ij» 
beds  are  exposed  in  a  roadside -cutting,  and  in  an  ac^oming  qtrnij- 
These  beds  dip  to  the  e^st,  and  at  u  mHo  and  half  lk>ni  Longp^rfr 
paas  under  others  which  ara  worked  on  the  aiune  line  of  rwd  d 
Pibabnry,  a  section  of  which,  giTen  belowi  show*  that  tbe  I 


'IM 

sn 

«  3 
«3 
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undoubtedly  on  the  same  horiion  as  the  beds  given  by  Dr.  Wright 
in  the  Street  section,  which  are  distant  about  ten  miles. 


Section  at  Pibsbury. 


Bquiyalent 
bed  at 
Btnet, 
7. 

a 

9. 
10. 
11. 
12. 


No.  ft  in. 

1.  Com-ffixe 0  6 

2.  Shale    0  3 

3.  Thin  bed 0  4 

4.  Shale    0  4 

5.  Milley-bum    ...  0  6 

6.  Shale    0  6 

7.  Bunoh-baok 0  4 

a  Shale    1  0 

9.  White  Btone    ...  0  4 

10.  White  stone    ...  0  4 

14.  U.  Shale    0  10 

15.  12.  Cream-bed  0  2 

16,17.      la  £lreetone 0  7 


la 


'{'. 


Equiyalent 
bed  at 

Stareet  No. 

la  14. 

19.  15. 

20.  la 

21.  17. 

22.  la 

23.  19. 

24.  20. 

25.  21. 

27.  22. 

28.  23. 

29.  24. 

30.  25. 


Shale    

Blackbed 0 


ft.  in. 
0    2 


Shale 

Pig's  PaTiour 

Shale    

Blue  Clog    . 

Shale    

Dun  Payiour 
(Grey  Clog) 

Pond-size 0 

lias-paTiour    ...    0 

Tomb-size    0 

Bottom-bed 0 


::)» 


7 
7 
3 
3 
11 
2 


In  this  section  the  beds  1  to  6  of  Street,  which  would  represent 
the  Ammonites  j^lanorbis  zone,  are  not  present. 

A  quarryman  at  Pibsbury  had  also  worked  at  Street,  and  was  able 
to  correlate  the  beds  with  those  in  that  locality,  and  to  point  out 
their  local  variations.  Thus,  he  informed  me  that  tiie  "  Bunch-back  " 
and  underlying  shale  (Nos.  7  <fe  8)  were  wanting  at  Street;  the 
**  White  stone/'  instead  of  being  one  bed,  was  divided  into  two,  and 
tliat  the  "Firestone,"  No.  13,  was  the  "Red  liver"  and  "Black 
bed  "  of  Street  (Nos.  16  &  17)  "  run  together."  Inquiries  of  the 
quarrymen  working  in  this  zone  of  rocks,  for  the  White  lias,  gene- 
rally residted  in  the  remark  that  they  did  not  work  down  to  it. 

Section  at  Long  Sutton, — Passing  to  Long  Sutton,  about  two  miles 
farther  on,  the  same  beds  are  again  worked,  in  a  quarry  belonging 
to  the  Earl  of  Burlington.  A  fault  at  the  west  of  this  village  has 
brought  up  the  White  lias  beds,  the  position  and  thicknesses  of 
which  are  admirably  shown  in  a  section  worked  almost  entirely  in 
this  zone  at  Steven's  Hill,  in  which  between  the  Saurian  zone  in  the 
quarries  just  mentioned,  and  that  of  the  Avicula  contorta,  not  lass 
tiian  thirty-Jive  beds  of  White  lias  are  exposed. 


Section  of  White  Lias  at  Steven^ s  HiU,  Long  Sutton, 


ft.  in. 


1.  I^plintery  beds  of  Blue  Lias 

(bottom  of  the  Saurian 
woe)    

2.  Shale    

^  Wlii4MT/ift«  

2  0 
2    0 

0    8 

4.  Shale    

6.  WbiteUaa  

e.  Shale    

7,  WHi««Tiiaff  

1  0 
0  5 
0  6 
0    6 

a  Sbde    

9.  WhitffTdM  

1  2 
0    9 

la  whteiiM 

0    64 

ft.  in. 

11.  Shale    0  4 

12.  White  lias  1  0 

13.  fehale     0  2^ 

14.  White  lias  0  6 

16.  Shale     0  2 

16.  White  lias  0  2i 

17.  Shale     0  4* 

la  White  Lias  0  3 

19.  ffliale     0  6 

20.  Whiteliaa  0  7* 

21.  Shale     0  7 

22.WhiteLia8  0  2| 
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Section  of  White  Lias  at  Steven's  Hill,  Long  Sutton  (oontinaed). 


ft  in. 

23.  Shale     0  7 

24.  White  lias  0  2i 

25.  Shale     0  3 

26.  WhiteLias  0  6 

27.  Shale     0  7 

28.  WhiteLias  0  6 

29.  White  liaa  (Coral-bed)  ...  I  0 

30.  WhiteLias  0  6 


ft.  in. 

31.  Shale     0  0| 

32.  White  Lias   0  3 

a3.  White  Liaa  0  9 

34.  Shale     0  8 

35.  WhiteLias  0  8 

36.  White  Lias— Bottom-bed  1  3 

37.  Blue  Marl     5  0 


Since  my  paper  has  been  prepared,  Mr.  Kershaw  (a  section  of 
whose  quarry  at  Wilmcote  is  given  by  Dr.  Wright)  has  been  throo^ 
the  district  accompanied  by  Mr.  Tomes  of  Welford  Hill,  both  of 
whom  are  well  acquainted  with  the  Warwickshire  beds.  After  their 
examination,  they  entirely  agree  with  me  that  the  true  White  Liis 
occupies  a  lower  position,  and  is  quite  distinct  from  the  Street  beds. 
Tlioy  were  fortunate  enough  to  make  out  a  fact  that  had  escaped  me 
in  the  Steven's  Hill  section, — namely, that  the  bed  No.  29  contained 
a  great  number  of  Corals,  most  of  which,  having  become  decom- 
posed, have  left  nothing  but  their  casts  in  the  stone,  though  in  a  £ew 
instances  the  Coral  is  preserved. 

La  a  note  to  me,  Mr.  Tomes  describes  it  as  a  ''  branching  species, 
several  inches  in  height,  with  an  epitheca  having  numennu  and 
regular  concentric  wrinkles,  and  delicate  but  distant  longitadinal 
striae ;  probably  of  the  genus  Cladophyllia*^ 

Section  at  Saltford. — In  the  section  at  Saltford  (7.  e.  p.  400)  con- 
structed by  Mr.  W.  Sanders  of  Clifton,  the  position  of  the  White 
lias  series  is  correctly  given,  though  I  should  be  disposed  to  include 
in  it  only  the  beds  Nos.  9  to  22.  La  a  reference  to  his  section  (/.  c. 
p.  39G),  the  Saurian  beds  are  supposed  to  follow  beneath  the  White 
Lias ;  but  in  this  section,  as  at  Street  and  Beer,  they  are  represented 
by  the  limestones  and  shales  above. 

If  there  be  any  zone  more  persistent  than  another,  it  is  that  of  tbe 
White  lias.  Wherever  the  Avicula  contorta  beds  are  exposed,  the 
representatives  of  the  former  may  be  expected  to  be  present  imme- 
diately overlying  them. 

Other  sections  in  Somersetshire. — La  addition  to  the  sections  alretdj 
mentioned,  others  in  which  these  beds  may  be  found  occur  tt 
Fivehead,  Hatch,  Uphill,  Somerton,  and  in  a  deep  sinking  for  coal 
at  Batheaston,  made  in  1812,  through  the  whole  liassic  series,  t 
section  of  which  is  given  at  p.  262  of  Conybeare  and  Phillips*! 
<  Outlines  of  Geology  of  England  and  Wales.'  Near  Bristol  diey 
occur  at  Cotham,  Bedminster,  and  Pylle  Hill.  In  a  paper*  on  thie 
Linksfield  shales,  I  pointed  out  the  correlation  of  those  b^a  with  Chs 
latter  section,  and  the  presence  of  the  White  Lias  xone  ooeiq»jiDg 
the  same  position,  as  far  north  as  Elgin. 

Sections  at  Batheastiyn  and  PaulUm. — In  the  section  g^ven  of  tiis 
beds  at  Batheaston,  p.  262,  of  Conybeare  and  FhiUips^B  *  (MSaies! 
under  the  head  of  the  <'  Upper  Marls  "  are  induded  all  fhe  beds  oif 

*  Quart  Jooni.  QeoL  Soc  vol.  xtL  p.  44ft. 
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tbe  Upper  lias,  the  Middle  Lias,  or  Marlstonc,  and  also  the  Upper 
Marls  of  the  Lower  Lias,  with  some  of  their  limestones,  having 
altogether  an  aggregate  thickness  of  220  feet.  Then  follow  what 
those  authors  (C.  ds  P.)  call  the  "  IViie  Lias  beds,"  including  the 
White  Lias  at  its  base ;  and  their  «  Lower  Marls,"  down  to  the  New 
Bed  ground,  include  the  Avicula  eontorta  series. 


Section  at  Baiheaston. 


ft  in. 

/Upper  Marls 220  0 

flardrock  18  4 

BlneitoiM  5  1 

Hard  blue  lUme 12  1 

^Stone  2  0 

WhU€lAa»rock    10  0 


II 


ft.  in. 

/'Blue  Marl  6  0 

Stone  0  6 

Clay     0  9 

Bough  blue  marl    0  5 

Black  marl 10  0 

Light-blue  marl 2  0 

B^  ground  of  New  Bed 
Sandstone  (Keuper). 

A  section  also  of  the  beds  at  Paulton  near  Bath  is  given  on  the 
•amepage. 

ft.  in. 

Blue  marl  6    0 

Claystone,  dec 3    0 

Blackmarl 6    0 


ft.  in. 


m{ 


Inferior  Oolite  18  0 

Upper  lias  marls  ...  120  0 
Grey  and  blue  Uas 

Bock* 6  0 

Sun  bed  1  6 

White  Lioi 12  0 


Section  at  Westbury. — Dr.  Wright  has  given  a  section  of  the 
Avicula  eontorta  zone  at  Westbury,  which  commences  in  the  Ostrea- 
bed,  described  by  him  as  being  one  of  the  lowest  in  the  *'Am. 
planorhis  series,"  but  which,  I  consider,  belongs  to  the  true  White 
lias,  and  is  equivalent  to  those  beds  at  Saltford,  Beer-Crowcombe, 
Stoke  St.  Mary,  <S:c. 

In  this  view  I  am  again  confirmed  by  the  above-mentioned 
anthors,  who  at  p.  263  of  the  '  Outlines,'  &c.,  give  the  following 
section  at  Westbury-on-Sevem. 


Section  at  Weethurif'on-Sevem. 


ft.  in. 

WkUelAa*  10  0 

^Blueshale 10  0 

Blackshaie  12  0 

Green  ailioeous  grit,  containing  ^undant  bones,  well  known, 

here  and  at  Aust,  as  the  bone-Bed 1  0 

Blackshaie  2  0 

Greengrit    0  6 

Black£ale  2  0 

Greenish  marlstone  and  red  marls  of  the  Keuper   18  0 

In  all  these  sections  it  is  thus  seen  that  these  authors  place  the 
White  Lias  as  a  distinct  zone  immediately  overling  the  A,  eontorta 

*  Oyw  this  portion  of  the  Somersetshire  coal-field  manr  of  the  beds  are 
much  reduced  in  thickness.  The  Middle  lias,  for  instance,  whicli  in  some  parts 
list  a  tlnckiicss  of  upwards  of  100  ft.,  is  here  represented  by  beds  of  but  4  or 
6  fret  in  thidmeis ;  sod  the  upper  beds  of  the  Lower  Lias  are  also  wanting. 

TOL.  XTIZ«— FABT  I.  2  I4 
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bed,  in  which  the  beds  correspond  with  every  other  section  witk 
which  I  am  acquainted. 

^lien  speaking  of  the  White  lias,  they  say  that  it  takes  a  hi^ 
polish,  and  may  readily  be  employed  for  lithographic  purposes,  a 
description  which  corresponds  with  that  given  of  the  b^  at  Lyme 
by  Dr.  Wright. 

Seetiom  in  Oloucestershire  ami  Warwid'sJiire. — I  am  unacquainted 
with  somo  of  the  sections  in  Gloucestershire  and  Warwickshire  given 
by  Dr.  Wright ;  but  in  that  at  Aust  Cliff,  I  am  disposed  to  consider 
the  nine  beds  above  tlie  Aviculu  contorta  zone  to  bo  the  representa- 
tives of  the  White  lias,  and  not  of  the  Am.  pla^iorbis  lone.  In 
Warwickshire,  the  best  section  is  afforded  by  the  quarry  of  Mesen. 
Greaves  and  Kershaw,  at  Wilmcote,  near  Stratford-on-Avon  {op. 
cit.  p.  386),  in  which  the  beds  are  shown  to  be  very  similar  to  those 
at  Street.  My  correlation  of  the  latter  beds  with  those  at  Beer- 
Crowcombe  being  admitted,  it  vnH  at  once  be  evident  that  in  this 
locality  the  upper  beds,  Nos.  1  to  7,  represent  the  Anu  planwUs 
zone,  and  Nos.  8  to  23  or  24  the  Saurian  zone,  whilst  the  "  Hard 
crystalline  limestones,"  «kc.,  which  follow,  are  in  all  probability  the 
representatives  of  the  White  Lias.  With  this  arrangement  the  cor- 
relation of  the  zones  with  those  at  Street  and  Beer-Crowcombc  is 
established. 

On  referring  to  a  note  which  I  some  time  ago  received  from  Mr. 
Tomes,  I  find  that  he  recognizes  the  position  of  the  White  Lias  of 
that  district  when  he  says  :  "  The  Warwickshire  "VMiite  Lias  appears 
to  represent  a  different  zone  from  the  Somersetshire  Wliite  Lias, 
being  very  low  in  the  series."  He  then  points  out  its  position  by  a 
rough  section,  in  which  I  recognize  it  as  occupying  the  same  zone  as 
in  all  other  localities.  The  position  of  the  Avicula  contorta  beds  is 
in  every  case  correctly  given  by  Dr.  Wright,  as  following  at  the  base 
of  each  section,  lying  above  the  Bed  Marls. 

In  the  neighbourhood  of  Tewkesbury,  Dr.  Wright  states  there  are 
several  good  exposures  of  the  infra-ammonitic  beds  (meaning  those 
below  the  Am,  planorhis  zone),  from  which  were  obtained  numeroos 
fine  examples  of  Ichthyosauri  and  Phsiosauri,  and  that  he  possesses 
vertebrae  of  Pl^siosaurus  rugosus  from  a  bed  of  White  Lias  at  Wod- 
ridge  Common.  These  beds,  again,  are  evidently  on  the  horizon  of 
the  Saurian  beds  of  Somersetshire ;  and  although  the  bed  at  Wool- 
ridge  Gonmion  from  whence  the  Plesiosaurus  was  obtained  may  be 
a  white-looking  lias,  it  is  not  the  basement  Wliite  Lias  cone,  in 
which,  as  I  have  elsewhere  stated,  no  Saurian  remains  have  ever 
been  found. 

Sections  at  Lyme  Regis, — ^The  chief  point  of  interest  advanced  by 
Dr.  Wright  respecting  the  Lyme  section  is  that  in  whioh  he  places 
the  Saurian  zone,  not  on  the  horizon  of  those  beds  in  SomeiteUhire 
and  Warwickshire,  but  in  the  Am,  Bueklandi  zone  which  ovieriiei 
them.  It  is  not  impossible  that  circumstances  may  have  been  favour- 
able to  a  larger  development  of  Enaliosaurian  life  in  the  liasae 
seas  at  the  point  where  these  beds  are  now  found,  espcdally  when 
it  is  considered  that  their  remains  are  ooeaaionidly,  thoqgh  tvt 
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rarely,  found  in  the  same  zone  elsewhere;  but^  supposing  those 
given  by  Dr.  Wright  in  his  section  (p.  401)  at  Broad  Ledge  to  be  the 
true  equivalents  of  his  Ammonites  Bucklandi  beds  at  Street  (p.  390), 
there  would  still  have  to  be  accounted  for  at  Lyme  the  Am.  planorlns 
zone,  and  my  **  Saurian  beds  "  below,  which,  in  such  a  development 
of  the  Lias  as  occurs  at  Lyme,  can  scarcely  fail  to  have  their  repre*- 
aentatives. 

Two  sections  of  what  Dr.  Wright  considers  the  Am.  planorJm 
cone  are  indeed  given,  one  of  which  is  at  Up-Lyme,  the  other  at 
Pinhay  Bay.  In  their  description,  the  stone  is  stated  to  be  ''  cream- 
coloured,  and  so  hard  and  close-grained  that  it  might  be  used  for 
lithographic  purposes.''  This  answers  precisely  to  the  character  of  the 
true  White  Lias ;  and  I  have  little  doubt  that  it  is  such.  Its  place  is 
therefore  on  the  zone  of  that  series  as  given  in  myjBecr-Crowcombe 
and  Stoke  sections,  and  in  that  (described  by  Dr.  Wright)  at  Salt- 
ford,  where  it  immediately  overlies  the  Avicula  contorta  beds.  It  is 
therefore  much  lower  than  the  Am.  planorUs  beds.  It  then  appears 
to  me  that  neither  the  latter  zone  nor  the  Somersetshire  Saurian  zone 
has  been  recognized  at  Lyme  by  Dr.  Wright ;  and  in  this  case,  I 
should  incline  to  the  view  (should  the  whole  of  the  Lyme  section 
have  been  given)  that  some  of  the  lower  beds  which  he  has  classed 
under  the  Am.  Bucklandi  zone  may  be  their  representatives,  even 
though  it  necessitated  giving  to  the  Am.  BucJclandi  and  other  shells 
a  greater  vertical  range  than  they  have  hitherto  been  supposed  to 
attain. 

True  position  of  (he  White  Lias. — I  have  thus  shown  that  the 
White  Lias  occupies  a  position  at  the  base  of  the  liassic  formation,— » 
that,  of  all  Dr.  Wright's  sections,  its  true  place  is  only  recogni2ed  at 
Baltford,  though  here — and  also  when  he  notices  the  same  zones  at 
Lyme,  Wilmcote,  &c.  he  confounds  them  with  the  Am.planorhis  bedSi 
— and  that  intermediate  between  the  White  lias  and  the  latter  are  the 
Saurian-bearing  beds.  To  illustrate  the  difficulties  created  by  these 
transpositions,  I  need  only  remark  that,  whilst  in  the  sections  gene- 
rally Dr.  Wright  places  the  Saurians  in  the  Am.  planorhis  zone,  at 
Wikacote  he  places  them  in  the  Ostrca-beds,  or  true  White  Lias,  at 
the  base  of  the  formation ;  and  at  Saltford  he  places  them  below 
the  White  lias,  where  only  the  Avicula  contorta  beds  are  to  bo 
found. 

§3.  Tlie  Rhaitie  Formatio7i. — In  the  preceding  observations  I 
have  throughout  referred  to  the  White  Lms  zone  as  constituting  a 
member  of  the  Liassic  formation,  with  which  hitherto  it  has  always 
been  associated.  I  now  propose  its  removal  from  that  formation, 
and  its  classification  with  tiio  Avicula  contorta  group,  under  the  above 
lesignation.  For  this  proposal  my  reasons  arc,  1st,  that  over  a  very 
•xtended  area  the  "  White  Lias  "  forms  a  very  persistent  line  of 
lemarcation,  and  is  almost  invariably  present,  overlying  the  Avicula 
contorta  beds  wherever  they  are  exposed ;  2nd,  that  by  its  colour 
ind  lithological  character,  being  dense  and  close-grained,  it  forms  a 
narked  contrast  to  the  large  flaggy  Saurian  limestones  of  the  Lower 
[jas  immediately  above ;  and  3rd^  the  great  distinction  which  it 

2l2 
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presented  by  a  consideration  of  the  faunas  of  tho  two  zones.  In  thfl 
"  White  Lias  "  tlio  organic  remains  arc  rare,  and  of  very  few  specific 
forms.  Ostrea  liassica,  Strickl.,  Plicatula  inUrstriata,  Ew.,  and 
Modiola  mininui  prevail,  and  also  characterize  the  beds  below ;  whilst 
from  other  districts  may  occasionally  be  added  Monotis,  Lhna,  Culprit, 
EstJuria,  and  a  few  small  univalves  (usually  in  casts)  of  doabtfid 
specific  forms,  but  which  appear  to  have  their  representatives  rather 
in  the  Avicula  contorta  zone  below,  than  in  the  "paving-beds" 
above ;  and  it  should  be  remembered  that  when  these  latter  bcdi 
were  being  deposited,  the  ocean  teemed  with  Enaliosaurian  life,  of 
whose  presence  in  the  "  White  lias  "  I  as  yet  know  of  no  evidence. 

Tho  "  White  Lias  "  presents  evidences  of  a  slow  deposition;  snd 
each  bed  apjKMirs  subsequently  to  have  been  subjected  to  erosion. 
The  surfaces  of  many  of  tho  blocks  are  covered  with  C^nda.  k 
period  of  rest  between  the  deposition  of  the  several  beds  is  shown 
by  tho  presence  of  colonies  of  boring  Mollusks,  which  have  left  in- 
numerable tubulai*  perforations  passing  do^vnwards  in  tho  beds. 

Following  the  above,  there  would  then  be  included  in  the  "  Bhctic 
formation  "  all  the  beds  lying  superior  to  the  variegated  marls  of  the 
Keuper, — the  most  noteworthy  being  tho  shelly  bands  yielding  the 
Avicuhi  contorta,  and  the  Bono-bed.  Until  lately  these  were  included 
with  the  Lower  Lias;  but,  the  investigations  of  Sir  P.  Egerton, 
Agas&iz,  and  others  having  demonstrated  that  the  latter  b^  con- 
tained a  peculiar  fauna,  they  have  become  recognized  as  Tnassic,  or 
as  upper  members  of  the  New  Red  Sandstone,  and  they  are  retained 
in  Dr.  Wright's  Table  of  Strata  (o/>.  cit,  p.  370)  as  the  uppermost 
zone  of  the  Keuper. 

Meanwhile  there  have  been  discovered,  on  the  continent,  beds  of 
great  thickness  hetw^n  the  Lias  and  the  Keuper,  the  representatives 
of  all  of  which  were  apparently  wanting  in  this  country. 

In  ascending  order  these  are : — 

Ist.  The  St.  Cassian  and  Hallstadt  beds  (which  have  yielded  more 
than  800  species  of  Mollusca) ;  and 

2nd.  The  Kosscn  stage,  or,  as  it  is  now  proposed  to  be  termed  by 
Mr.  Gumbol  the  State-Geologist  of  Bavaria,  the  Bhastic  formation^ — a 
designation  recognized  by  Professor  E.  Suess,  of  the  Imperial  Musoom 
of  Vienna,  and  which  it  vnW  be  convenient  to  adopt  for  the  beds 
under  notice,  which  in  this  country  are  the  representatives  of  the 
Bocond  stage.  In  this  di>ision  are  comprehended  the  'Depocito 
d'Azzarolo '  of  Italian  geologists,  as  well  as  the  Starkenberg  beds 
and  Dachsteinkalk  of  Austrian  geologists.  In  the  Austrian  Alps  the 
formations  above  noticed  attain  a  thickness  of  from  4000  to  5000 
feet.  This  is  the  important  series  of  rocks  of  which,  in  this  conntiy, 
the  beds  before  referred  to  (rarely  averaging  more  than  35  feet  in 
thickness,  and  intervening  between  the  Lias  and  the  Keaper)  are  the 
diminutive  representatives. 

§  4.  Bhastic  Organic  Remains, — ^Tho  organic  remains  in  this  forma- 
tion in  England  are  derived  chiefly  firom  the  Bone*bed  and  the  beds 
yielding  the  Amcula  contorta.  At  Becr-Crowoomhe  tiie  Bone-bed 
appears  to  bo  wanting ;  but  a  few  fish-remains  that  nsuiiUj  acoan- 
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pony  it  will  be  noticed  from  the  latter  bed  at  Beer-Crowcrombe.     I 
have  assembled  a  remarkable  fauna  from  a  drift  (derived  from  the 
Bone-bed)  near  Frome,  an  account  of  which  I  must  reserve  for  another 
occasion.     As,  however,  I  shall  have  to  notice  below  some  MoUusca 
from  the  Avictda  amtorta  zone  of  this  neighbourhood,  I  give  a  short 
description  of  a  very  remarkable  section  in  which  those  beds  occur. 
In  the  Vallis,  near  Frome,  there  are  quarries  worked  for  the  Car- 
boniferous Limestone,  some  of  the  heda  of  which  have  their  up- 
tomed  edges  capped  with  horizontal  Inferior  Oolite.     In  a  section 
near  Hap^ord  Mills  I  noticed  a  conglomerate  with  a  few  thin  inter- 
mediate layers  of  stone  and  clay.     The  limestone  in  this  section  has 
a  dip  of  35°,  N.W.,  and  is  worked  to  a  depth  of  15  feet.     Lying  upon 
it  there  is  a  band  of  blue  clay  4  inches  in  thickness,  which,  on  close 
examination,  I  found  to  contain  a  very  interesting  fauna.     Associated 
with  remains  of  Fishes  and  lleptilos  of  the  Bone-bed  age,  it  yielded 
Avicula  contorta,  Ostrea  interstriata  abundantly,  Pecten  Valoniensia, 
with  other  genera  never  before  noticed  in  beds  of  this  age,  such  as 
ChitoHf  PoUicipeSf  &c.    This  clay  is  succeeded  by  a  dense  conglome- 
rate of  rounded  siliceous  pebbles,  2  feet  thick,  and  containing,  though 
rarely,  fish-teeth  and  scales ;  another  blue  clay  of  4  inches  succeeds, 
but  without  organic  remains ;  then  a  grey  conglomerate,  4  inches, 
upon  which  there  are  courses  of  grey  or  cream-coloured  nodular 
limestone,  intermingled  with  a  grey  clay,  1  foot  in  thickness.     In 
this,  organic  remains  are  extremely  rare.     Specimens  of  Esthena, 
Insects,  and  one  block  containing  Plant-remains  are  all  I  have  ob- 
tained.   Above  the  latter  are  beds  of  Inferior  Oolite,  12  feet  in  thick- 
ness, conglomeratic  at  their  base. 

The  interposed  beds  of  conglomerate,  stone,  and  clay  between  the 
Inferior  Oolite  and  the  Carboniferous  Limestone,  although  but  4  feet 
in  thickness,  may  represent  in  this  section  the  geological  eras  of  the 
White  Lias,  the  Estheria-heds  oi  Warwickshire  and  Gloucestershire, 
the  Avicula  contorta  zone,  and  the  Bone-hed;  so  that,  were  the 
"  White  lias "  to  be  considered  to  represent  a  distinct  formation, 
not  less  than  four  geological  eras  would  be  exhibited  in  one  section 
of  about  30  feet  in  depth. 

A  thin  band  of  conglomerate,  1^  inch  thick,  of  precisely  the  same 
aspect,  and  the  same  age,  is  present  in  the  Uphill  railway-cutting. 

Dr.  Wright  remarks  (op.  eit.  p.  400)  that  he  has  "  shown  that  the 
Conehifera  ai'e  special "  to  the  Avicula  contorts  zone.  In  the  blue 
clay  lying  between  the  conglomerate  and  the  Carboniferous  limestone 
the  (htrea  interstriata  is  the  most  abundant  shell.  It  is  found  with 
the  Avicula  contorta,  and  the  Fish-  and  Reptile-remains  before 
alluded  to,  which  represent  the  Bone-bed  stage.  The  Ostrea  inter^ 
Mtriata  is  one  of  the  characteristic  shells  of  the  "  White  Lias  "  zone, 
and  furnishes  an  additional  reason  for  including  it  with  tlie  llha^tie 
beds. 

The  Avicula  eoniorta  zone,  from  whence  the  other  organic  remains 
were  obtained,  will  be  recognized  in  the  Beer-Crowcombe  section  as 
the  "  Flinty  bed,"  No.  81.  It  is  composed  of  a  dense,  liglit-blue 
stone,  1  loot  in  thickness,  with  alternating  shelly  layers, — the  shells 


408  PB0CEEDIX08  OF  lOB  QEOLOOiCAL  BocnsTT.         [May  22, 

being  in  most  beautiful  condition ;  and  in  tbis  tbey  differ  from  those 
found  in  abnost  every  otber  locality  in  tbis  country,  as  also  from 
tboae  on  tbe  Continent.  Dr.  Wrigbt  bas  given  a  list  of  spedes  (at 
p.  386)  from  Beer-Growcombe.  He  supposes  (p.  377)  tbat  tbe  shcUa 
of  tbis  zone  represent  botb  tbe  Eosscn  (or  Rba^tie)  and  also  the 
Upper  St.  Cassian  beds.  For  some  time  I  beld  this  view ;  but,  on 
comparing  tbe  series  I  bad  made  witb  tbat  from  the  latter  formation 
in  tbe  Britisb  Museum,  I  was  surprised  by  not  finding  a  sin^e 
species  in  common  ;  and  I  bave  since  learnt  tbat  tbese  stages  hare 
a  fauna  quite  distinct,  and  tbat  tbe  species  found  in  tbe  Avicula  cod- 
toria  zone  and  tbe  Bone-bed  in  tbis  country  are  identical  only  ^th 
tbose  of  tbe  Rbrotic  beds  of  tbe  Continent,  none  of  them  being  found 
in  the  St.  Cassian  beds  below. 


Notes  on  the  Fossils. 

It  bas  been  previously  remarked  tbat  I  liave  not  observed  the 
Bone-bed  at  Becr-Crowcombe ;  but  a  few  fish-remains  are  fomid  in 
tbe  AvicxCln  contorta  zone,  which  are  common  to  the  Bone-bed  when 
it  is  found  in  other  localities.  In  the  thin  band  of  blue  marl  in  the 
section  at  Vallis,  fish-  and  reptile-remains  are  more  abundant  than 
at  Beer-Crowcombo ;  but  a  detailed  notice  of  these  will  be  reserved 
for  a  general  paper  on  that  district.  I  shall  then  be  able  to  show 
tbat  the  genera  and  species  from  the  Avicula  contortn  zone  at  Bcer- 
Crowcombe  are  common  to  the  same  zone  at  Yallis,  and  also  to  the 
RbsBtic  Mammalian  Drift  near  Frome.  It  is  important  to  rccogniic 
their  presence  in  this  zone  at  Becr-Crowcombe,  as  they  will  assbt 
to  determine  the  ages  of  the  beds  from  whence  that  dnft  has  been 
derived,  and  therefore  the  probable  age  of  the  oldest  known  Mam- 
malia of  England. 

Sabck)don  tomicus.     pi.  XV.  fig.  1. 

Sargodon  tomicus^  Quenstedt ;  Der  Jura,  tab.  2.  figs.  34,  35. 

A  tooth,  witb  a  block,  enamelled,  semitransparent,  canine-looking 
crown,  the  inner  side  of  which  is  concave,  the  outer  slightly  convex 
and  surmounted  by  a  straight,  sharp  cutting-edge,  in  the  largest 
specimens  two  lines  across.  In  the  worn  specimens  tbe  centre  of 
the  crown  is  hollowed,  usually  witb  a  slight  sinus,  dividing  it  into 
two  equal  parts.  A  very  young,  unworn  tooth  from  Frome  shows 
the  crown  in  that  stage  to  have  been  surmounted  by  three  niaed 
cusps  of  equal  size.  Below  the  crown,  which  occupies  about  a  sixth 
of  die  height  of  the  tooth,  there  is  a  long,  slender,  cylindrical,  boUmr 
shaft,  showing  in  some  specimens  a  slight  tendency  at  the  base  to  a 
fang-like  division.  Tbey  vary  from  8  lines  to  2  lines  in  length ; 
breadth  \  a  line  to  2  lines.  One  example  only  has  been  foond  in 
the  ''  Flinty  bed ''  of  Beer-Crowcombe ;  fix)m  the  Mammal-dzift 
near  Frome  I  have  many  examples.  It  is  interesting  to  find  that 
similar  teeth  were  found  by  Pleininger  with  tbe  Mier^estta  amHmtm 
at  Wirtemberg)  iKad  W^^  \bs^  «k<Qi^d  in  ibis  oonntiy  be  km  ii 
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the  same  aaaociation.    Tho  generic  desigiiation  of  the  teeth  above 
noticed  is  from  the  existing  genus  Sargus,  which  possesses  somewhat 
imilar  incisor-like  teeth*. 

Bqxtalobaia,  Riley  &  Stutchbmy. 

Fonr  fish-vertebra)  belonging  to  this  genus  have  been  found  in  the 
**  Flinty  bed  "  at  Beor-Crowcombe.  These  also  occur  in  the  Frome 
Mammal-drifty  where  they  are  abundant. 

There  are  also  teeth  of  Lepidotus,  Saurlchthys  acuminattis,  S.  apt- 
calis,  Acrodus  minimus,  and  scales  of  Oyrolepis,  all  of  which  are 
fofond  at  Frome,  and  also  a  few  undetermined  fragmentary  bones. 

MoUusca. 

DisciKA  TowKSHENDi;  Davidsou. 

In  a  paper  on  some  new  secondary  Brachiopoda,  in  the  *  Geologist ' 
for  March  last,  I  mentioned  tho  occurrence  of  this  rare  species  in 
the  "  Flinty  bed  "  at  Beer-Crowcombe,  from  whence  I  have  but  one 
example.  It  is  the  only  Brachiopod  that  has  yet  been  noticed  from 
beds  of  the  Eha^tic  formation,  in  situ,  in  this  country,  though  I  have 
Lingula,  Spirifer,  Terehratula,  and  Bhynchonella  from  the  Frome 
drift.  Terehraivda,  Bhynchonella,  ka,  are  not  uncommon  in  the 
Bhsetic  beds  on  the  Continent ;  and  Professor  Suess  informs  me  he 
has  found  the  Discina  Townshendi  in  Austria. 

AvicuLA  coNTOBTA,  Portlock.    PI.  XV.  ^.  10. 

The  abundance  and  persistence  of  this  shell  has  suggested  the 
distJugniwhiTig  name  for  the  beds  in  which  it  occurs.  It  is  commonly 
found  in  all  the  localities  in  which  the  zone  is  exposed.  In  most 
cases  the  beds  yielding  it  are  coarse  and  friable,  when  the  shells 
are  either  fragmentary  or  rarely  in  good  condition.  The  shells 
figured  from  the  Ehaetic  beds  on  the  Continent  are  usually  from  beds 
of  sandstones,  in  which  their  casts  only  are  preserved,  which  renders 
their  specific  comparison  with  the  shsurply  defined  shells  from  Beer- 
Crowcombe  somewhat  difficult. 

The  Avicula  contorta  from  the  latter  place  shows  some  variation, 
the  curved  longitudinal  ribs  being  much  stronger  and  more  iater- 
mpted  in  some  specimens  than  in  others.  I  have  also  found  the 
shell  in  the  thin  band  of  clay  resting  on  the  Carboniferous  lime- 
stone in  the  Yallis  section,  and  also  iq  the  Bone-bed  drift  of  the 
same  locality. 

Avicula  solitabia,  Moore.    PI.  XV.  fig.  11. 

Shell  convex,oblique,inequivalve,  with  eight  regular  radiating  costs) 
passing  from  a  very  narrow  convex  umbone  to  the  inferior  margin ; 
anterior  auricle  small ;  posterior  auricle  extended,  ornamented  with 
very  fine  strise,  and  reaching  to  the  inferior  frontal  margin. 

•  The  fiffuiw  given  br  Quenttedt  in  '  Der  Jura,'  tab.  2.  fig.  36-^,  probably 
Moag  to  IsfUMus,  and  not  to  the  gaxvm  Bargodon, 
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Only  one  example  of  thU  shell  has  been  found.  It  is  readily 
distinguished  from  the  A,  contorta  by  it«  moro  produced  poeUnor 
auricle,  by  it«  less  angular  posterior  side^  by  the  costas  bong  mndi 
fewer  in  number,  and  by  its  narrower  contour.  Height  0  Hnei; 
width  6  lines. 

Loc.  The  **  Flinty  bed,"  Becr-Crowcombe. 

Placukopsis  alpiva.    pi.  XVI.  figs.  4,  6. 

Anomta  alpina,  Winkler,  Schicht.  der  Avic.  contorta,  pl.  I.  fig.  1. 
Anomia?  Quenstcdt,  Der  Jura,  tab.  1.  fig.  16. 

Shell  smooth,  roundly  OTate  or  orbicular,  conyex,  Tariablo ;  umbo 
with  very  slight  ear-like  expansion  on  the  posterior  side ;  veatrd 
margin  and  sides  regularly  rounded.  Smaller  valye  flattened  or 
concave,  rounded,  closely  fitting. 

This  shell  appears  to  be  identical  with  that  figiired  by  Quenstcdt 
above,  which  he  doubtfully  refers  to  Anomia,  It  is  common  in  the 
''  Flinty  bed  "  at  Beer- Crowcombe,  where  species  are  found  fixim  2 
to  12  lines  in  length.  In  its  more  perfect  state,  when  the  shell 
has  the  test  preserved,  the  exterior  is  quite  smooth ;  but  when  this 
has  been  removed,  the  under  surface  exhibits,  by  aid  of  the  lens, 
numerous  close-set  longitudinal  striae,  which  characterixe  the  genus 
Placunopsis,  to  which  it  therefore  seems  more  nearly  allied. 

Gbkvillia  prjecubsob.    pi.  XV.  figs.  6,  7. 

GenilUa  pracursor,  Quenstcdt,  Der  Jura,  tab.  1.  figs.  &>11. 

Shell  smooth,  oblique,  elongated,  convex ;  hinge-line  straight,  pro- 
duced posteriorly,  bounded  by  a  slightly  raised  horixontal  rim; 
umbones  rather  prominent,  anterior ;  ventral  margin  rounded;  poste- 
rior inferior  margin  angular.  Bight  valve  flatter  than  the  left; 
lines  of  growth  distinct.  The  original  pink  colour  of  this  shell  ii 
shown  by  six  or  seven  broadish  longitudinal  lines  in  two  ATmnpLa 
in  my  possession. 

Loc.  From  the  **  Flinty  bed  "  of  Beer,  where  it  is  somewhat  rare. 

Gebvillia  obnata,  Moore.    PI.  XV.  fig.  8. 

Shell  small,  convex,  elongated,  tapering  gradually  to  the  apex ; 
hinge-line  long,  depressed,  and  slightly  concave ;  the  dorsal  soifaos 
possesses  six  or  seven  longitudinal  ribs,  which  commence  from  the 
umbo,  and  arc  extended  to  the  ventral  margin.  These,  as  well  as  the 
flattened  area,  are  crossed  by  numerous  lines  of  growth,  and  gift 
the  shell  a  richly  ornamented  appearance. 

Loe,  This  shell  is  associated  with  the  OerviUia  pnxeunor  in  the 
*'  Flinty  bed ''  at  Beer.  Three  spedmons  only  of  me  left  vabe  an 
known. 

Length  4  lines ;  breadth  2  lines. 

LncA  p&xcmuoB.    PI.  XV.  flg.  9. 

Limaprofeurtor,  Quenstcdt,  Der  Jura,  pl.  1.  fig.  22-24. 
Shell  inequilateral,  mc^derately  convezi  front  nmiidadyi 
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kxnwl  sorfjAce  covered  ^ith  very  narrow,  dose-set,  wavy  striae,  slightly 
irrerging  outwardly,  between  which  there  are  a  multitude  of  minute 
cgnlkr  depressions. 

The  original  figures  given  by  Quenstedt  appear  to  be  casts ;  so 
hat  dose  comparison  is  impossible.  He  intimates  the  possibility  of 
hese  Ehsetic  shells  being  the  precursors  of  the  Lima  gigantea  of 
he  lias ;  but  the  Beer  shells  show  the  ornamentation  of  their  sur- 
aces  to  be  different,  and  the  Lima  praseursor  to  be  a  good  species. 
ji  the  L,  gigantea,  the  longitudinal  strisD  are  broader  and  more 
incertain  in  tiicir  width  than  in  the  above  shell,  and  the  striae  are 
Tossed  by  innumerable  concentric  raised  lines,  which  are  wanting 
n  the  L.  prcecunor, 

When  the  test  is  perfect,  this  shell  is  nearly  smooth  (the  omamen- 
ation  only  becoming  visible  on  the  worn  specimens  from  the  '^  Flinty 
led  "  of  Beer).  It  attains  larger  dimensions  than  the  original  figures. 
iurgcst  specimens,  length  17  lines ;  breadth  12  lines. 

)8IBX1  IHTEBSTBIATA.      PL  XY.  fig.  25. 

FUeaUda  interstriatay  Emmerich. 

This  is  one  of  the  most  abundant  shells  in  the  Ehaetic  formation. 
Lt  characterizes  the  "  Ostrea-bed  "  of  the  "  White  Lias  "  in  the  sec- 
ions  given  by  Dr.  Wright,  at  Garden  Cliff,  Wainlode  Cliff,  and  in 
iTarwickshire.  It  occurs  in  the  "White  Lias"  of  the  West  of 
Sngland,  and  is  also  especially  abundant,  both  in  the  Yallis  clay- 
)ed,  and  in  the  Mammal-drift  near  Prome.  It  is  one  of  the  most 
rharacteristic  fossils  of  certain  of  the  Continental  Rhaetic  zones. 

hmojL  mcBBiATA,  Moore.    PI.  XYI.  fig.  24. 

A  spcdes  of  Ostrea  with  a  fimbriated  margin  is  associated  with 
he  0.  inierstri€iia  in  the  blue  clay-band  at  Ytdlis.  It  attains  much 
trger  dimensions  than  the  foregoing,  but  has  hitherto  only  been 
ound  in  fragments. 

^ECTEK  Yalo5I£K8is,  Dcfrancc.    PI.  XYI.  fig.  6, 

This  shell  occurs  in  the  Hhaetic  beds  in  most  localities.  I  have 
•btained  it  from  the  "White  Lias"  of  Stoke  St.  Mary;  in  the 
ivieula  eoniorta  zone  at  Uphill;  and  in  the  blue  clay-band  at 
Tallis.  It  is  usually  in  fragments  or  much  crushed.  Pragments 
iro  also  found  in  the  Mammal-bearing  drift  of  the  same  neighbour- 
lood. 

kscA  LTCETm,  Moore.    PI.  XYI.  fig.  7. 

Shell  subrhomboidal,  convex;  umbones  anterior,  slightly  depressed ; 
knrsal  surfaces  of  the  valves  in  the  young  shell  with  fine  dose-set 
itrisB,  which  in  the  adult  are  nearly  obliterated  by  acute  concentric 
yr  transverse  lines  of  growth,  leaving  the  longitudinal  strias  scarcely 
perceptible,  except  on  the  ventral  margin  and  anterior  end ;  anterior 
lide  most  convex,  and  roun£ng  to  the  edge ;  posterior  end  depressed, 
ind  aepanted  fr^  theside  of  the  shell  by  an  elevated  indented  rib. 
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below  which  are  three  or  four  acute,  indented,  spreading  costs.  The 
young  sholl  possesses  a  sinus,  commencing  under  the  umbo  and 
widening  to  the  ventral  margin,  which  in  the  adult  is  less  marked. 

Obs.  The  area  and  the  hinge-line  of  this  beautiful  species  are  not 
dear  of  the  matrix.  It  ia  very  rare,  and  single  valves  only  are 
found.     It  is  named  after  my  friend  Dr.  Lycctt,  of  Scarborough. 

Loc,  From  the  **  Flinty  bed "  of  Beer-Crowcombe,  Professor 
Suess  has  informed  me  that  a  somewhat  similar  shell  is  found  in 
Bhstic  beds  at  Ilirtemberg,  south  of  Vienna. 

Axiirus,  Sowerby. 

Shells  of  this  genus  occur  in  the  greatest  abundance  on  the  surfaces 
of  shelly  layers  of  the  **  Flinty  bed  "  at  Beer-Crowoombe.  They  pre- 
sent considerable  variety;  so  that  were  we  disposed  to  multiply  speda, 
many  might  be  created.  We  propose,  however,  giving  four  well 
marked  forms,  though  probably  even  these  may  not  be  distinct 
species,  as  passages  between  them  might  be  established. 

Few  shells  have  been  subject  to  greater  transposition,  or  hare 
been  placed  under  so  many  different  genera,  as  those  included  in  the 
group  under  notice.  Yon  Credner  in »  Leonard  und  Bronn's  Jahrbuch* 
18C0,  p.  307,  remarks  tliatone  of  the  llhaetic  species  has  by  liocmcr 
been  called  Venus  Uassica,  but  without  a  figure ;  by  Qucn&tedt  in 
*  Der  Jura,'  Opts  cloaclnus ;  that  Escher  notices  it,  but  without 
naming  it,  from  the  Kosscn  beds ;  by  Oppel  and  Suess  it  is  called 
Schizodus  cloacinus ;  and  that  it  had  previously  been  given  by  Bomc- 
mann,  but  without  a  figure,  as  Timiodon  Etvaldi  of  Dunker. 

In  previous  notices  of  the  fossils  from  this  zone,  by  Mr.  Strickland, 
the  llev.  r.  B.  Brodie,  and  Dr.  Wright,  reference  is  made  to  a  shell 
called  PuUastra  areniccla,  Strickl.,  which  is  said  to  occur  very 
abundantly,  but  only  in  casts,  and  of  which  no  figure  has  been  given : 
there  is  no  doubt  it  belongs  to  the  group  under  consideration.  Similar 
shells  have  also  been  included  by  other  English  authors  under  the 
genera  of  TelliniUs,  Isocardia,  Cucull<xa,  Doiiax,  Sedgwickia,  and 
Sehizodtts. 

It  is  not  dear  wherein  the  following  shells  from  Beer  differ  from  the 
AriMisoi  Sowerby;  and  his  name,having  priority,i8  therefore  retained. 
AxnOTS  CLOACINUS.     PI.  XV.  ^.  16. 

Opis  chaeinus,  Quenstedt,  Der  Jura,  tab.  1.  fig.  35. 

Shell  triangular,  quite  smooth  or  with  very  delicate  transvene 
strite,  broader  than  long,  convex ;  umbones  slightly  anterior ;  anterior 
end  rounded ;  posterior  end  slightly  extended,  divided  from  the  dorsBl 
surface  by  a  depressed  ridge  running  from  the  umbo  to  the  posterior 
ventral  margin ;  beyond  this  ridge  is  an  obtuse  angolatcd  area. 

This  is  the  most  abundant  of  this  group  of  shells,  and  its  oharae- 
ters  appear  to  be  persistent.  It  is  more  equilateral  than  the  odur 
forms  accompanying  it,  and  answers  to  the  figure  given  of  OpUdtO' 
cinus  in  Quenstedt's  '  Der  Jura  '*.    In  the  best-preserred  speciiiMU 

•  TMi  shell  alM)  resembles  fhe  Myophoria  oi  Keanan  in  SMhev^s  Temfti 
PL  It.  fig.  4a. 
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the  exterior  is  coTered  with  a  bluish  or  oream-coloured  enamelled 
miface,  the  transyerse  strisB  being  exhibited  only  on  the  more  worn 
examples.    Width  7  lines ;  leng^  5  lines. 

Locality.  The  "  Flinty  bed  "  of  Beer-Crowcombe. 

Aznnrs  depbessus^  Moore.    PI.  XY.  fig.  17. 

Shell  flattened,  convex,  transversely  oval,  nearly  smooth  or  with 
distant  transverse  lines  of  growth,  inequilateral ;  umbones  depressed , 
dightly  anterior ;  posterior  and  anterior  ends  towards  the  ventral 
margin  somewhat  rounded. 

This  shell  is  much  flatter  than  the  A,  eloaeinus,  and  its  form  gene- 
rally more  rounded ;  and,  whilst  the  latter  possesses  a  decided  poste- 
rior ridge  and  acute  area,  in  the  A,  cU^ressui  they  are  more  rudi- 
mentary, or  with  but  a  slight  thinning  out  of  the  valve  towards  the 
posterior  edge.    Length  5|  lines ;  breadth  9  lines. 

AxDnra  coKGBirrBious,  Moore.    PL  XY.  fig.  19-21. 

Sheli  rather  small,  transverse,  ovate,  flattened,  inequilateral; 
umbones  convex,  anterior;  posterior  end  produced,  with  a  slight 
ridge  and  flattened  area,  which  commence  from  the  umbo ;  ventral 
margin  and  anterior  side  rounded;  dorsal  surface  with  numerous 
regidar  or  widely  separated  concentric  lines  of  growth,  which 
obliquely  cross  the  area. 

Quenstedt,  in  '  Der  Jura,'  tab.  1.,  gives  some  bivalves  of  uncertain 
forms.  His  figures  28  <&  30  in  all  probability  represent  the  above 
species. 

Locality.  It  is  common  in  the  ''  Flinty  bed"  of  Beer.  Largest  ex- 
ample, length  4  lines ;  breadth  5  lines. 

Axonm  xlokoatits,  Moore.    PI.  XY.  fig.  18. 

Shell  originally  smooth,  equivalve,  inequilateral,  convex ;  umbones 
anterior ;  dorsal  surface  covered  with  very  fine,  close-set,  regular, 
transverse  strias ;  anterior  side  rounded ;  posterior  side  flattened  and 
produced,  and  tapering  to  the  ventral  surface. 

This  shell  is  to  be  distinguished  from  those  previously  described 
by  its  more  transverse  elongation,  by  the  finer  and  more  regular 
strias  on  its  surface,  and  by  its  being  more  inequilateral.  Two 
examples  only  of  this  genus,  belonging  to  the  above  species,  with 
both  valves,  are  in  my  possession.  Height  3  lines;  breadth 
5  lines. 

Locality.    From  the  "  Flinty  bed  "  of  Beer-Crowcombe. 

Pleurophobits  ELOiroiTUs,  Moore.    PI.  XY.  figs.  14, 15. 

Shell  ovately  oblong,  depressed,  most  convex  at  the  umbones, 
which  are  very  anterior ;  anterior  end  roundly  tapering,  posterior 
end  flattened,  angular ;  from  the  umbones  a  ridge  crosses  the  valve 
to  the  posterior  ventral  end,  behind  which  is  an  angulated  area ;  a 
aeoond  more  depressed  ridge  separates  this  from  a  lengthened  flat- 
tanad  donal  mazgin.    The  front  of  the  shell  possesses  lines  of 
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fprowth,  which  cross  the  ridges  at  right  nngles,  and  return  obliqudy 
on  tlie  dorsal  side  towards  the  umboncs. 

Examples  in  our  possession  present  considerable  variety,  depending 
on  the  more  or  less  worn  condition  of  the  test.  In  some  the  lines 
are  very  acute,  whilst  in  others  the  shell  has  a  much  smoother 
surface. 

Under  the  name  of  Cypricardia  Sueviea,  a  shell  is  figured  by  Oppd 
and  Suess  in  **  Kiissencr  ISchichlcn,"  table  1,  fig,  4,  from  Xurtingen, 
M'hichy  though  apparently  distinct  from  our  species,  probably  belongs 
to  the  same  genus. 

Hitherto  the  genus  has  not  been  recognized  higher  than  the  Per- 
mian beds. 

Jjocalitij.  The  "  Flinty  bed  "  of  Beer-Crowcombe.  Perfect  speci- 
mens are  rare.     Length  of  largest  examples  18  lines ;  depth  7  lines. 

Pleuroporus  angulatts,  Moore.    PI.  XV.  figs.  12,  13. 

Shell  rather  small,  inequivalve ;  umbones  small,  depressed,  ante- 
rior; anterior  end  angular;  posterior  end  deepest,  flattened,  and 
slightly  angular;  dorsal  suriace  of  perfect  shell  quite  smooth, 
crossed  by  three  acute,  slightly  curved  ribs  passing  from  the  um- 
bones to  the  posterior  ventral  margin. 

This  species  is  rare.  It  may  readily  be  distinguished  from  tlie 
P.  tlongatns  by  its  very  obtuse  form,  and  by  its  generally  smoother 
surface.     Length  8  lines ;  depth  4^. 

Localitj/.  The  *'  Flinty  bed,"  Beer-Crowcombe. 

CiLRDioi  Rhjetictm.    pi.  XY.  fig.  28. 

Cardium  Bhirticum,  Merian,  Escher's  Yorarlb.  pi.  6.  fig.  40, 41. 

Shell  nearly  smooth,  globose,  convex,  nearly  equilateral ;  umbonei 
prominent,  beak  recur>*ed;  posterior  and  anterior  sides  rounded; 
ventral  margin  round  and  slightly  extended ;  posterior  end  with 
numerous  depressed  longitudinal  ribs;  dorsal  surface  either  quite 
smooth  or  crossed  by  very  numerous  faint  concentric  stria;,  which 
decussate  the  longitudinal  ribs  on  the  posterior  side. 

This  shell  appears  to  have  been  quite  smooth  in  its  more  perfect 
condition,  and  only  shows  the  stria)  on  its  dorsal  surface  in  speci- 
mens that  are  more  or  less  worn.     Length  7  lines ;  breadth  8  lines. 

Locality. — The  "  Flinty  bed  "  of  Beer,  whore  it  is  somewhat  rsre. 

Lkda  Titei,  Moore.    PI.  XV.  fig.  25. 

Shell  oblong,  equivalvo,  rather  inequilateral,  conyeZy  inflated, 
thick ;  umbones  closely  incurved  over  a  concave  oblong  area ;  mar- 
gins of  the  valves  close-set  and  smooth ;  ventral  mai^gin  and  ante- 
rior side  rounded ;  posterior  end  produced ;  exterior  of  the  valvei 
covered  with  very  fine,  regular,  concentric,  transverse  striic, 

I  have  but  one  example  of  the  above  shell ;  bat  this  is  Ibrtonatdj 
in  very  good  condition,  and  is  one  of  only  throe  instanoes  from  Beer 
in  which  both  valves  of  the  shell  are  attached,  Oppel  and  Siksb  ia 
^>  Kossoner  Schichton/'  tab.  2«  fig.  9,  have  ginm  a  ahell  under 
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the  name  otLeda  Deffneri  (tho  Lata  alpina  in  Winkler,  pi.  1.  fig.  8). 
The  shell  figured  by  these  authors  differs  materially  from  the  Leda 
TiUL  The  umbones  of  the  former  are  more  anterior ;  the  posterior 
side  la  angular  and  more  attenuated ;  and  the  concentric  striations 
altogether  differ.  Indeed,  as  far  as  I  can  judge  by  tho  figures  of 
these  authors,  their  shells  represent,  not  the  genua  Leda,  but  that 
Tariety  of  the  Axinm  which  I  have  given  under  tho  name  of  the 
Axinus  dongatus  (PL  XV.  fig.  20). 

It  is  named  after  my  friend  Wm.  Titc,  Esq.,  M.P.,  F.R.S.,  F.G.S. 

Locality »  Beer-Crowcombe.    Height  4^  lines ;  breadth  8  lines. 

MoDioLA  MiiracA,  Sow.    PI.  XV.  figs,  2Q  &  27. 

Myiiha  miniUus,  Goldfuss,  Petref.  ii.  p.  173,  pi.  130,  fig.  6. 

Shell  elliptical,  convex,  smooth  or  with  concentric  irregular 
striations;  umbones  thick  and  blunted,  subterminal;  hinge-line 
straightened ;  upper  portion  of  the  dorsal  surface  much  convex,  and 
flattening  to  the  central  margin,  which  is  rounded. 

This  rfiell  is  one  of  the  most  abundant  in  the  "  Flinty  bed  "  at 
Beer-Crowcombe,  and  is  also  common  in  the  "  White  Lias  "  in  many 
localities  in  the  West  of  England.  It  is  also  one  of  the  most  cha- 
racteristic shells  of  the  llhaetic  sandstones  of  Sucvia.  It  presents 
considerable  varieties  in  form,  some  being  thinner  and  more  elongated 
than  others.  In  its  young  state  it  is  very  obtuse  and  convex.  They 
occur  at  Beer  from  2  lines  in  length  by  1^  line  in  height,  to  20  linos 
in  length,  and  10  lines  in  height  in  adult  examples. 

PiEROMTA,  Moore,  1861. 

Shell  oblong,  thin,  smooth,  convex  but  depressed,  inequivalve,  in-> 
equilateral ;  umbones  anterior,  depressed,  and  curving  to  the  ante- 
rior side ;  dorsal  margin  extended,  slightly  rounding  or  acute ;  ven- 
tral margin  rounded ;  anterior  side  most  convex ;  posterior  side 
flattened,  concave,  curved,  widely  gaping.  Dorsal  surface  covered 
with  strong  transverse  concentric  or  wavy  lines  of  growth,  which 
on  the  right  valve  continue  to  the  posterior  edge.  On  the  left  valve 
these  are  interrupted  on  the  posterior  side  by  a  ridge,  passing  from 
iho  umbo  to  the  posterior  ventral  margin,  beyond  which  the  shell 
is  extended  into  a  flattened  or  concave  winged  area,  with  a  rounded 
or  angular  margin  at  the  ventral  extremity. 

We  are  not  aware  that  the  inequivalve  character  in  the  genus 
proposed  above  is  so  largely  possessed  by  any  other  of  the  Myadce, 
to  which  family  it  evidently  belongs.  All  the  shells  in  my  posses- 
sion are  single  valves,  and  none  have  the  interior  or  the  hinge 
exposed.  For  some  time  we  were  disposed  to  consider  that  valves 
having  so  different  a  character  were  to  be  referred  to  more  than  one 
species ;  and  it  was  not  until  after  an  examination  of  many  examples 
that  a  satisfactory  determination  was  arrived  at  respecting  them; 
it  was  then  found  in  every  instance  that  no  right  valve  possessed 
the  ridge  and  extended  area,  which  are  present  invariably  on  the 
Idft.    in  other  respects  tho  valves  are  precisely  similar. 
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Pteroicta  Crowcombeia,  Moore.     PL  XT.  figs.  22  &  23. 

Shell  thin,  smooth,  inequilateral,  inequivalve,  ovately  oblong,  con- 
vex but  depi-essed;  anterior  end  most  convex,  rounded;  posterior 
side  depressed  or  slightly  concave,  rising  again  towards  ^e  edge, 
gaping ;  surfece  of  the  valves  either  nearly  smooth  or  with  waved 
transverse  lines  of  growth,  continued  on  the  right  valve  to  both 
extremities;  posterior  side  of  the  left  valve  possesses  a  slightly 
cur\ed  depressed  ridge,  passing  from  the  umbo  to  the  ventral  mar- 
gin, beyond  which  the  shell  is  extended  into  a  winged,  flattened  or 
slightly  concave  area. 

This  shell  is  abundant ;  and  in  all  the  examples  I  have  seen, 
the  right  valve  is  without  the  posterior  ridges  and  area,  which  are 
invariably  present  on  the  left.  Some  of  the  shells  have  a  grey  ena- 
melled exterior,  in  which  state  they  arc  almost  smooth.  When  this 
is  abraded,  the  transverse  striae  are  most  visible.  Height  7  lines; 
breadth  12  lines. 

Locality,  The  "  Flinty  bed  "  of  Beer-Crowcombe. 

Pteromta  sntPLKx,  Moore.     PI.  XV.  fig.  24. 

Shell  nearly  smooth,  inequilateral,  oblong,  convex  ;  posterior  side 
flattened,  ridge  acute,  anterior  moderately  convex ;  transverse  lines 
of  growth  on  dorsal  surface. 

This  shell  differs  from  the  P.  Crowcomheia  in  being  more  regularly 
convex,  and  in  its  straighter  and  more  symmetrical  form.  Only  the 
left  valve  of  this  species  is  known. 

Locality.  Found  in  the  "  Flinty  bed  "  with  the  P.  Crou'cwnheia,  at 
Beer. 

Myacites  striato-oraktlata,  Moore.    PI.  XVI.  fig.  1. 

Shell  ovately  oblong,  twice  as  wide  as  long,  inequilateral,  convex; 
umbones  rather  anterior ;  anterior  end  slightly  depressed,  and  side 
rounded;  posterior  side  extended,  graduating  to  a  rounded  edge; 
dorsal  surface  covered  by  a  thin  grey  test,  in  which  are  situated 
innumerable  minute  rounded  granulations,  arranged  in  close-set 
longitudinal  lines,  most  prominent  on  the  anterior  side ;  these  are 
crossed,  especially  towards  the  ventral  margin^  by  numerons  fine 
transverse  lines  of  growth. 

Only  one  specimen  of  the  above  shell  has  been  found.  Widih 
20  lines ;  length  10  lines. 

Locality,  The  "  Flinty  bed,"  Beer-Crowcombc. 

Although  it  Ynll  be  seen  that  there  are  several  species  of  the 
family  of  Myad<B  from  the  Beer  bed,  specimens  are  by  no  meani 
numerous.  When  studying  these  shells  it  is  of  importanoe  to 
attend  to  their  external  condition,  without  which  specific  fonoi 
might  be  multiplied.  Were  the  thin  outer  integuments  in  the  abova 
shell  abraded,  its  granulated  character  would  disappear,  learing  it 
either  nearly  smooth  or  exhibiting  only  its  traiisveiBe  lines  of 
growth,  such  as  arc  seen  on  the  Anatina  prcBeursor,  Qnenst.  0  Der 
Jura,'  pi.  1.  fig.  32.)  I  am  disposed  to  believe  that  if  the  latter 
shell,  together  mtii  ^eiq  JL  SuestvC,  Oppel,  finmd  in  fhe  Bhatie 
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8,  had  possessed  their  tests,  they  would  have  to  be  removed  from 
Uina  to  Myaeites.  Both  species  are  given  bdow,  but  are  not  in 
mdition  to  establish  this  point. 

LTDTA  ?  pnxcxTBsoB,  Quoustedt.    PI.  XYI.  fig.  3. 

(hell  transversely  oblong,  subtriangular  or  ovate,  convex,  inequi- 
iral ;  anterior  side  rounded,  depressed ;  posterior  end  extended ; 
bones  rather  anterior,  depressed ;  transverse  lines  of  growth  on 
lal  surface  distinct,  curving  round  a  slight  area  on  the  posterior 
Bal  margin. 

t  is  not  improbable  that  this  shell  may  hereafter  be  foimd  to 
sess  a  granulated  exterior ;  but  the  surface  of  the  test  is  removed 
;he  examples  in  my  collection.  As  it  does  not  possess  the  cha- 
ters  of  the  genus  A^natina,  and  also  differs  in  shape,  it  may  have 
ye  removed  to  Myacites,  Width  14  lines ;  height  7  lines. 
^joeality.  From  the  "  Flinty  bed"  of  Beer-Crowcombe. 

iTHTA?  SiJEssi,  Oppel.    PI.  XVI.  fig.  2. 

ilhell  ovatcly  oblong,  conical,  twice  as  wide  as  long,  inequilateral ; 
bones  anterior,  slightly  depressed ;  anterior  end  rounded ;  poste- 
:  side  flattened,  e^  rounded,  slightly  curving  upwards ;  frontal 
rgin  of  shell  concave ;  a  very  slight  ridge  from  die  umbo  crosses 
I  shell  obhquely,  dividing  it  into  two  nearly  equal  portions.  The 
face  is  covered  by  concentric  striations,  which  on  the  posterior 
B  curve  upwards. 

rhis  shell  somewhat  difiers  fr^m  the  figure  given  by  Dr.  Oppel ; 
.  there  cannot  be  a  doubt  that  it  belongs  to  the  same  species, 
it  gentleman  remarks  that  the  species  is  found  with  the  Anatina 
fcursor  in  the  sandstone  about  8  feet  below  the  Bone-bed  at 
rtingen.  In  my  example  the  outer  integument  is  removed ;  and 
refore  the  precise  character  of  the  exterior  may  not  be  given  in 
figure.  lake  the  last-namcdi  shell  it  may  eventually  have  to  be 
3rred  to  Myaeites.  Width  16  lines ;  height  8  lines. 
Locality.  From  the  "  Flinty  bed  "  of  Beer-Crowcombe. 

OPHOMA  posTEBA,  Brouu.     PI.  XVI.  figs.  8-10. 

Vrigonia  posiera,  Quenstedt. 

Perfect  shell  quite  smooth,  trigonal,  convex ;  anterior  and  ventral 
rgins  slightly  rounded ;  umbones  rather  depressed,  directed  ante- 
rly ;  area  broad,  and  often  very  acute,  with  about  twenty  longi- 
linally  curved,  somewhat  variable  costa);  dorsal  surface  smooth 
en  perfect,  when  worn  presenting  numerous  regular  concentrio 
nsvcrse  ribs,  which  in  some  examples  cross  the  marginal  carina, 
en  it  is  distinctly  denticulated.  In  the  left  valve  the  carina  is 
tinct  and  single,  either  smooth  or  denticulated,  and  widening  to 
)  frontal  margin.  In  the  rtyht  valve  the  sheU  possesses  two  or 
»re  carinse,  separated  by  smooth  longitudinal  sulcations. 
From  the  above  remarks  it  will  be  seen  that,  like  many  others 
the  family,  this  shell  presents  considerable  variety,  which  in  this 
le  doea  not  appear  to  be  due  to  age.    Attention  is  also  neces- 
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BQTj  to  the  condition  in  which  the  shells  aro  found ;  for  in  miny 
of  the  Beer  specimens  the  outer  surfaces  of  the  shells  are  pre- 
served. They  are  then  seen  to  have  perfectly  smooth  exterion, 
whilst  when  this  has  heen  eroded  or  has  perished  the  tran^vene 
BirivD  on  the  dorsal  surfaces  arc  perceptihle.  Without  attention  to 
this  fact  several  species  might  ho  created  from  what  ore  only  vari- 
eties or  different  conditions  of  the  same  shell.  The  areas  in  the  If, 
postera  are  much  more  acute  in  some  examples  than  in  otheri,  but 
they  all  possess,  though  with  some  little  modification,  longitodinil 
strio)  of  the  same  general  character.  The  transvcrae  stris  on  the 
dorsal  surface  amoimt  to  upwards  of  fifty  in  number.  Hdgfat  of 
shell  6  lines ;  breadth  5^  lines. 

Locality.  From  the  <<  Flinty  bed "  of  Beer,  where  it  is  not  un- 
common. 

CfinirmuM  coNSTRiciuac,  Moore.    PI.  XYI.  fig.  13. 

Shell  small,  narrow,  elongated,  tapering,  apex  rather  obtass; 
volutions  six  or  seven,  each  ornamented  with  three  prominent  equi- 
distant transverse  ribs,  volutions  separated  by  a  deep  angular  con- 
cavity. 

Observations.  This  is  a  pretty  and  well-distinguished  spedef. 
Between  the  ribs  there  are  indications  of  slight  longitudinal  stric. 
The  aperture  appears  to  have  been  ronndcd,  but  is  imperfectly  dij- 
closed.     It  is  very  rare.     Length  3  lines ;  width  ^  of  a  line. 

Locality.  The  "  Flinty  bed  "  of  Boer. 

CEniTHiuif  DECOBATUM,  Mooro.    PI.  XVI.  fig.  14. 

Shell  small,  turreted,  tapering,  reticulated ;  volutions  eight  or  nine, 
conical,  with  encircling  prominent  ribs;  sutures  concave,  angolir; 
oblique  longitudinal  stris3  cross  the  ribs,  and,  passing  into  the  anglei 
of  the  sutures,  give  the  shell  a  generally  reticulated  aspect 

Of  this  shell  I  have  only  two  examples.  Length  3  lines ;  breidtt 
1  line. 

Locality.  The  "  Flinty  bed  "  of  Beer. 

CEBirmujf  CTLiNDBicuK,  Hoore.    PI.  XVI.  fig.  15. 

Shell  small,  very  slender,  regularly  tapering ;  yolutiona  ten,  oni- 
mented  with  three  transverse  slightly  oblique  ribs,  Tolutions  nUMr 
distant,  with  a  somewhat  rounded  concave  suture. 

This  shell  is  very  rare,  and  is  to  be  distinguished  from  the  C, 
constrictum  by  its  more  elongated  and  cylindrical  form,  the  whorls  ia« 
creasing  very  slowly  in  size,  and  also  by  its  less  angnlar  and  roundel 
sutures.    Length  2|  lines ;  width  i  a  line. 

Locality.  The  "  Flinty  bed  "  of  Beer. 

CEBirniUH  BoiBTicuM,  Moore.    PI.  XVI.  fig.  16. 

Shell  small,  tapering ;  yolutiona  seven  or  eight,  flattened,  witk 
encircling  strioB,  the  coarsest  of  which  aro  situate  over  the  \ 
which  are  slightiy  concave. 

This  shell  diifen  itom  ^Ieiom  ^teyiQudy  described,  by  Hm 
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flattened  sari&ce  of  the  whorls,  which  have  a  greater  number  of  en- 
drcling  ribs,  and  by  its  possessing  one  or  more  depressed  ribs  which 
pasB  into  and  divide  the  suture.     Height  3  lines ;  breadth  |  line. 
Locality,  The  "  Flinty  bed  "  of  Beer. 

Ctlutdbites  FusiiroBJiis,  Moore.    PI.  XYI.  fig.  18. 

Shell  very  small,  smooth,  apex  acute,  with  four  rather  oblique 
Yolutions,  the  upper  ones  flattened ;  the  last  whorl  more  convex  and 
ovate,  and  tapering  at  its  base  into  an  extended  folded  columella. 
Aperture  longitudinally  oval.  Length  1||  line;  width  ^  line.  Three  spe- 
cimens of  this  shell  are  in  my  cabinet  fn)m  the  "  Flinty  bed  '*  of  Beer. 

All  the  species  of  this  genus  at  Beer  are  very  minute.  Some  casts 
of  larger  size  have  been  found  in  the  Rhsctic  beds  of  Suevia ;  and 
M.  Merian  mentions  a  species  from  the  beds  of  Yorarlberg. 

CTLnn)BiTES  ovAias,  Moore.     PI.  XYI.  fig.  19. 

Shell  small,  smooth,  longitudinally  ovate,  apex  acute ;  whorls  five, 
regularly  tapering  and  slightly  convex,  terminal  whorl  large  and 
convex.  A  slight  ridge  encircles  the  upper  portion  of  the  whorl. 
Lines  of  grow^  are  perceptible  on  the  last  volution.  Aperture 
narrow  at  the  top,  but  expanding  at  the  base.  Only  one  specimen 
of  this  shell  is  known.     Length  4  lines ;  breadth  2  lines. 

Locality.  The  "  Flinty  bed  "  at  Beer. 

Ctliwdrites  blokgatus,  Moore.     PI.  XVI.  ^g,  20. 

.  Shell  smooth,  elongate,  cylindrical ;  whorls  five,  the  upper  convex, 
spiral,  and  divided  by  a  narrow  rounded  suture.  The  terminal  whorl 
is  quite  cylindrical  and  occupies  nearly  four-fifths  of  tho  entire  length 
of  the  sheU.     Aperture  not  exposed. 

Only  one  specimen  of  this  species  has  yet  been  found.  Its  length 
18  2|  lines ;  breadth  1  line.  It  appears  very  similar  in  form,  though 
9miuler,  to  a  cast  figured  in  '  Eossener  Schichten'  (tab.  1.  fig.  1),  by 
Oppel  and  Suess,  under  the  name  AjcUxonlna,  sp. 

Locality.  From  the  "  Flinty  bed  "  of  Beer. 

CTLnrnBiTES  ovifobmis,  Moore.     PI.  XYI.  fig.  21. 

Shell  very  small,  smooth,  elongate,  cylindrical ;  whorls  four,  with 
a  veiry  depressed  spire ;  apex  rather  acute.  The  terminal  whorl  is 
cylindrical,  occupying  the  greater  length  of  the  shell,  and  at  its 
base  is  folded  and  slightly  tapering. 

This  shell  differs  from  the  C.  elomatus  chiefly  in  the  more  depressed 
diaracter  of  the  upper  whorls,  and  m  its  more  tapering  base.  Length 
2|  lines,  breadth  1  line.  Aperture  the  length  of  the  last  whorl,  and 
very  narrow. 

Locality.  The  "  Flinty  bed,"  Beer-Crowcombe. 

Chbmnitzia  Hbnrici  ?    PI.  XYI.  fig.  12. 

Cerithium  Henrici ?  (Martin),  Mdm.  Soc.  Geol.,  2  ser.  vol.  vi.  pi.  2. 
fig.  17, 18. 

Shell  small,  tapering,  thick ;  volutions  six  or  seven,  conical,  narrow, 
with  rather  oblique  or  curved  longitudinal  prominent  costae ;  sutures 
di^tly  concavo  and  rounded ;  aperture  slightly  extended. 

TOL.  XTU.'— PAST  I.  ^  ^ 
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I  have  but  one  adult  example  of  this  shell,  and  this  has  lost  % 
small  part  of  its  apical  portion.  The  terminal  whorl  is  rather  more 
conical  and  ovate,  and  its  strifiB,  which  are  about  sixteen  in  number, 
are  less  prominent  than  on  the  preceding  whorls.  This  shell  is  in 
height  3  lines ;  in  breadth  1  line.  It  is,  with  some  doubt,  referred 
to  the  Ceriihiwn  Henrici  of  Martin,  though  it  seems  rather  thinner. 

I  am  possessed  of  another  very  small  Rissoa-looking  shell  with 
four  whorls,  which  may  probably  be  its  younger  form. 

Locality.  The  "  Flinty  bed  "  at  Beer. 

CHSMinrziA  xoTiDA,  Moore.     PI.  XVI.  fig.  11. 

Shell  small,  smooth,  turreted,  spire  rather  obtuse,  with  fire  sli^tly 
oblique,  rounded  or  convex  volutions,  separated  by  a  well-d^ned 
suture. 

We  have  obtained  only  one  example  of  this  shell.  Danker 
figures  a  Rheetic  shell  under  the  name  of  Paludina  solidula,  which 
appears  to  be  similar  to  it.  Unfortunately,  as  is  the  case  with  moA 
of  the  Bhaetic  shells  from  Beer,  the  aperture  is  not  exposed,  and 
therefore  docs  not  help  to  a  generic  determination ;  but,  as  the  whorifl 
of  the  above  shell  on  close  examination  present  a  tendency  to  be 
slightly  coetated,  we  are  induced  to  place  it  under  the  above  genu. 
Length  2^  lines ;  breadth  1  Kne. 

Locality.  The  "  Flinty  bed,"  Beer. 

NiTicA  Ofpelh,  Moore.    PI.  XYI.  fig.  17. 

Shell  small,  smooth,  glossy,  globose ;  whorls  four,  convex ;  qnre 
depressed ;  apex  acute ;  the  last  whorl  much  increaused  in  sixe,  and 
showing  Unes  of  growth ;  umbilicus  small ;  aperture  large,  ovate. 

This  is  the  only  Natica  yet  found  in  this  zone  in  Enf^d.  It 
probably  represents  a  cast  given  by  Oppel  and  Suess  in  '  Eossener 
Schichten,'  tab.  1.  figs.  3a,  36,  and  also  by  Quenstedt  in  *  Ber  Jll^^' 
tab.  1.  figs.  17-20,  though  our  shell  does  not  attain  so  laige  a  size. 
The  former  authors  give  figures  of  a  still  larger  species,  wl^h,  torn 
the  casts,  must  have  possessed  more  angular  volutions,  ^'atia 
alpina,  Merian,  is  also  &om  Rhsetic  beds,  but  is  different  from  oar 
shell.  It  is  the  most  common  Gasteropod  in  the  ''Flinty  bed''  at  Beer- 
Crowcombe,  and  is  named  after  my  friend  Dr.  Oppel  of  Munich. 

Tbochtjs  WALTown,  Moore.    PL  XVI.  fig.  23. 

Shell  small,  conical,  obtuse ;  whorls  four  or  five,  flattened  or 
slightly  convex,  covered  with  very  fine  transverse  striae ;  apertnre 
obUque,  depressed ;  umbilicus  small ;  base  flattened  or  sligfatly  eoa- 
cave,  with  five  encircling  strisd. 

In  its  young  state  thi9  shell  is  abundant;  but  the  mora  adolt 
forms  are  not  so.  When  young  it  is  more  depressed,  and  the  atns 
are  more  strongly  marked. 

The  spedes,  from  the  <'  Flinty  bed"  at  Beer,  is  named  after  aj 
friend  Wm.  Walton,  Esq.  of  Bath. 

Tbochxts  BTuniTS,  Moore.    PI.  XYI.  fig.  22. 

Shell  small,  oonical,  c^\/&  tnskSMKyi^  «k:na^  ^^^tnae ;  TolatumB  fev  tf 
five,  dightty  obUque,  «niCM^>  ««^«w\ft^Vs  ^^fic^gfi^  ^ 
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aatnre;  base  smooth,  moderately  concave;  mouth  depressed, 
oblique. 

This  species  is  found  with  the  T,  WalUmii,  but  is  more  rare,  and 
b  weU  distinguished  from  it  by  the  above  characters. 

Locality.  The  "  Flinty  bed,''  at  Beer. 

SiBJLPABOLus  Suxssn,  Moorc.    PI.  XIY.  figs.  2-5. 

Shell  small,  discoidal,  depressed,  thickest  at  the  back ;  whorls 
flattening  towards  the  umbilicus,  and  increasing  very  slowly  without 
change  of  form  or  ornamentation,  the  last  whorl  possessing  about 
sixteen  tubercles  situate  close  upon  the  back,  each  continuing  into 
a  broad  depressed  rib,  terminating  in  a  small  lengthened  tubercle 
over  the  umbilicus,  with  slight  concave  depressions  between  the 
ribs.  By  aid  of  the  lens  very  fine  stris  may  be  discovered  which 
are  crossed  by  equally  fine  longitudinal  lines,  giving  the  shell  a 
slightly  reticulated  aspect.  Under  side  somewhat  concave,  with 
ornamentation  less  defined.  Back  of  the  shell  fiattened,  with  three 
equally  raised  ridges,  situate  between  two  lateral,  less  elevated 
tubercular  ridges ;  between  the  ridges  are  four  smooth  longitudinal 
gprooves. 

I  was  at  first  disposed  to  consider  this  Kttle  sheU  an  Ammonite ; 
but,  as  a  trifling  difference  is  apparent  on  the  sides,  and  also  a  very 
slight  concavity  on  the  under  side,  this  is  rendered  doubtful.  With 
some  hesitation  it  is  placed  under  the  above  genus.  Only  one  spe- 
cimen has  hitherto  been  obtained.  It  is  named  after  my  esteemed 
firiend  Professor  E.  Suess,  of  the  Imperial  Museum  of  Vienna,  who 
has  given  much  attention  to  the  fauna  of  the  Ehsetic  Beds. 

Height  of  the  shell  4  lines ;  width  5  lines. 

Loc,  The  "Flinty  bed,"  Beer-Crowcombe. 

CmroK  BHisncus,  Moore.    PI.  XVI.  figs.  28,  29. 

Plate  8mall,smooth,  elongately  ovate,  rounded;  umbo  elevated, with 
a  broad  sinus ;  lateral  areas  extended  and  depressed,  with  irregular 
concentric  lines  of  growth. 

Numerous  valves  or  plates  of  the  above  little  species  occur  in  the 
blue  clay-bed  at  Vallis.  The  largest  example  measures  Sj^  lines  in 
breadth  by  2  lines  in  depth. 

Zoophyton, 

MONTLIVALTIA. 

This  genus  is  represented  in  the  **  Flinty  bed "  at  Beer  by  a 
single  specimen.  It  has  been  placed  in  the  hands  of  Mr.  Tomes  for 
deMription  in  his  paper  on  new  Liassic  Zoophytes.  He  reports  to 
me  respecting  it,  that  it  is  "  a  horizontal  section,  near  to  the  calicos, 
probably  of  some  species  of  Montlivaltia.  The  septa  are  remarkably 
thin,  and  their  sides  appear  to  be  without  tubercles.  Fine  cycla 
are  traceable,  none  of  which  appear  to  have  met  in  the  centre ;  and 
hence  it  is  probable  that  in  this  species  there  was  no  spurious  colu- 
mella, whidi  is  so  often  seen  in  this  genus.  It  must,  however,  be 
remembered  that  this  may  depend  in  some  measure  upon  the  age  of 
the  specimen." 

1lL% 
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Ei'hhuxUrmata. 

Numerous  fragmentary  remains  of  this  family^  chiefly  spines,  are 
to  be  found  in  the  "  White  lias  "  of  Stoke,  &c.,  on  the  sor&ce  of  the 
*»  Flinty  bed  "  at  Beer,  and  in  the  blue  clay  at  Vallis.  Dr.  Wright 
enumemtcs  four  siKJcies  from  the  "  White  lias  "  of  Pinhay  Bay — ^vii. 
Cidaris  Jiklwardsii,  WMght,  I^ewlo-diadema  lobatum,  Wnght,  Hrmi- 
pedina  Bechei,  Broderip,  H.  Bowerbanhii,  Wright, — which,  if  from 
the  true  "  WTiite  Lias,"  we  should  consider  Rhsctic  species. 

Ophiura  ? 

A  single  joint  found  in  the  clay-band  at  Vallis  ap^x^ars  to  have 
rcpresenteil  this  or  an  allied  genus  in  the  Rhsetic  age. 

Eficrinite. 

Joints  of  a  very  small  Encrinitc  are  not  uncommon  in  the  bloe 
marl  at  Vallis. 

Cirriped. 

PoLLiCTPEs  Rn-sncus,  Moore.    PI.  XVI.  fig.  30. 

Valves  small,  enamelled,  elongated,  triangular,  pointed  at  the 
upper  end ;  an  elevated  central  ridge  divides  the  valves  longitudi- 
nally, on  either  side  of  which  are  very  fine  longitudinal  striae,  which 
are  crossed  by  transverse  lines  of  growth,  giving  the  valve  a  richlj 
ornamented  appearance.     Length  Ij  lino;  breadth  1^. 

Though  generally  imperfect,  the  shell  is  not  uncommon  in  the 
blue  clay  resting  upon  the  Carboniferous  Limestone  in  the  \aXiu 
section.  It  is  at  present  the  oldest  known  representative  of  the 
family  Cirripedia, 

Etitamostrtiea, 
Cypris  ltassica  (?),  Brodie. 

The  upper  surfaces  of  the  blocks  of  "  White  lias  "  in  the  sec- 
tions near  Taunton  are  frequently  covered  with  the  sheUs  of  thii 
little  Crustacean.  The  same  conditions  prevailed  when  the  **  Flinty 
bed  '*  at  Beer-Crowcombe  was  deposited,  as  the  shells  ore  very  nn- 
merous  on  its  weathered  surface.  In  the  Vallis  section  it  ib  very 
rare,  and  only  represented  by  a  single  specimen  attached  to  a  frag- 
ment of  Lhia  prascursor. 

EsTDERiA  uiNUTA,  Albcrti,  sp. 

Posidonomya  tninuta,  Auct. 

At  the  Vallis,  near  Frome,  a  few  specimens  of  this  little  crastaoean 
occur  in  a  cream-coloured  limestone,  and  also  in  the  conglomente. 

Plants. 
Naiadita  acuminata  (?),  Buckman,  Gool.  Cheltenham,  p.  93. 

Two  little  groups  of  Plants,  apparently  identical  with  the  above, 
have  been  found  in  the  thin  layers  of  stone  inteiposed  between  the 
Conglomerate  and  the  Inferior  Oolite  at  Vallis^  aaaooiated  with 
examples  of  Estheria  and  Insects. 

The  stone  is  concretionary',  and  lithologically  similar  to  the  "White 
lias,"  or  to  the  '<  Laudacape-atone ; "  and  I  am  therelbre  diiposed  to 
consider  it  to  be  on  tlh^  «&m<^  \iQniAti  v^  V^^  ^^>^\n^  ^^pd  Flant-M 
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of  the  Eev,  P.  B.  Brodie,  noticed  in  his  work  on  Fossil  Insects.  The 
conglomerate  separates  it  from  the  band  of  blue  cby  containing  the 
Avicfdd  caniorta,  and  the  fish-  and  other  remains  previously  noticed. 

Carahtdas. 

A  few  wings  of  Coleopterous  insects  occurring  with  the  Estheria  and 
Plants  preyiouslj  mentioned,  appear  closely  allied  to  the  CarabidcB. 

It  wiU  be  seen,  from  the  foregoing  organic  remains,  that  the  beds 
we  propose  including  in  the  Bhaetic  formation,  embracing  the  "  White 
lias  "  and  those  which  in  this  coimtry  are  between  it  and  the  Eeuper 
Sandstones,  yield  an  interesting  and  peculiar  fauna,  differing  in  its 
general  fades  from  that  found  in  the  Lower  Lias  above,  and  entirely 
from  that  in  the  Xeupor  Sandstones  below;  whilst  it  also  differs 
from  that  in  the  St.  Cassian  stage,  which  follows  the  Ehsetic  forma- 
tion on  the  Continent. 

On  another  occasion  I  hope  to  be  able  to  make  important  additions 
to  the  Mammalia,  Beptilia,  and  Fishes  of  this  zone ;  but,  without  in- 
dading  these  families,  I  have  shown  that  the  MoUusoa,  (>ustacea,  t&c. 
amount  to  at  least  fifty-two  species, — some  of  the  genera,  such  as 
Chiton,  PoUicipes,  and  Pteromya,  being  recognized  in  it  for  the  first 
tame ;  and  this  list  I  have  no  doubt  may  bo  increased  hereafter. 

Dr.  Oppel,  in  « Kossener  Schichten,'  states  that,  on  the  whole,  but 
twenty-five  species  have  been  found  in  this  zone  abroad.  Of  these, 
fourteen  species  at  most  are  all  we  are  enabled  to  identify  with 
British  species. 

TahU  of  British  "  Ehcetto  "  Fostils,  from  the  Avicula  contorta  zone, 
noticed  in  this  Paper, 


Qenen  and  Species.         Authority.         Beferenoe. 


Locality. 


Hioroleetea  antiquiu 

Pisces. 

Sargodon  tomicos 

Squaloraia , 

Lepidotus,  teeth  of  

Saorichthys  aouminatus 

apicalis 

AcToduM  minimuB 

Gyrolepii,  scales  of  , 

MOLLUSCA. 

AticiiIa  oontorta 

solitaria 

Anatina  praecursor    , 

Soessii  

Area  Lycettii 

Aziniis  doadmis  

'         dopranus 

— — ^  conoeiitnous 


Plieoinger 


Quenstedt 
Riley  &  St. 


Holwell. 


PI.  XV.  fig.  1. 


Agassiz 
Agassis 
Agassis 


....Beer,  Holwell. 

Beer,  Vallis,  IIolwelL 

....'Beer,VaUi8,HolwelL 
....Beer,  Holwell. 
....Beer,  Vallis,  Holwell 
....Beer,  Vallis,  Holwell, 
....iBeer,  Vallis,  Holwell. 


Gvdinm 


Portlock  .. 

Moore 

Quenstedt 

Oppel 

Moore 

Oppel  &  S. 

Moore 

Moore 

Moore 

Merian 


PI.  XV.  fig.  10 

Pl.XV.fig.il. 

PI.  XVI.  fig.  3. 

PI.  XVI.  fig.  2. 

PI.  XVI.  fig.  7. 

PL  XV.  fig.  16. 

PL  XV.  fig.  17. 

PL  XV.  figs.  10-21. 

PL  XV.  fig.  18.      jBeer. 

PL  XV.  fig.  28.      .Beer. 


jBeer,  Vallis,  Ac.  Ac. 

Beer. 

Beer. 

jBeer. 

Beer. 

Beer. 

Beer. 

Beer. 
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Table  of  British  "  Rhcetie  '^  Fossils,  from  the  Avicnla  oontorta  lone 
(coutmued). 


/. 


Q«nefm  uid  Speoiev. 

Authoritj. 

Beferen(». 

Locdily. 

MOLLUBCl. 

Disdna  TowTiBhendii    

Gwrillm  poccuPBor  .  

- —  omAta 

,  liina  prfl&ciir«or    ,.. 

Led*Titei 

ModioU  minima   ,.... 

Mywriles  itriato-gr»Tml»t«  . 
Mjophoria  povtera    . . . . , 

DftTidJon.,. 

Bev. 

Beer. 

Bnr. 

Beer.                        | 

Beer. 

Beer,  Ac. 

Beer. 

Beer. 

Vallw, 

Vallk,  Stoke,  h^  ti, 

Be«r. 

Bea-, 

Beer. 

Beer. 

Beer.                   [k 

Vallii^  Uphill,  8toU 

Beer. 

Beer. 

Boar. 

Beer. 

Beer, 

Beer, 

Beer. 

Beer. 

Beer. 

B«*r. 

Vallk. 

Beer, 

& 

Bmt, 
Beer. 

VdliK. 

Beer.Stok«^ViUii,l& 
V«1Hji. 

VAlli».Stole,B«r,4fc 

VaJlie. 

Vellu. 

Moore 

Quenit^dt  . 
Moore...... 

Sowerby  ... 

Moore 

Quenstodt  . 
Moore 

Moore 

Moore 

Wink!er  .,. 

Moore,..  ... 

MooM. 

Befranoe,.. 

PL  XV.  flgi.  6,  7. 
PL  XV.  fig.  8. 
PL  XV,  %.  9. 
PL  XV.  fig.  25. 
PLXT.figa,26,27. 
PL  XVT.  fig.  I. 
PL  XVI  Jgi,8^lO, 
PL  XVT.  %.  24 
PL  XVI.  %  25. 
PLXV.fig*]2,ia 
PLXV.figB.R15. 
PI.  XVI.  figa,  4,  5. 
PLXV.fig»^23. 
PL  XV.  fig.  24. 
PLXVI.ig.fl. 
PLXVI.flgijB,27. 
PL  XV.  fig».  2-5. 
PL  XVI.  fig.  22. 
PL  XVI.  fig.  23. 
PL  XVI.  fig.  11. 
PL  XVT.  fig.  12. 
PL  XVI  fig.  13, 
PI.  XVI.  fig,  14. 
PL  XVI.  fig.  15. 
PL  XVI.  fig.  16. 
PL  XVI.fi£i.3e;29. 
PI,  XVT.  %  18. 
PL  XVI.  %.  19. 
PL  XVI,  ig,  20. 
PL  XVI.  fig.  21. 
PL  XVL  %.  17. 

Oi^tf^  fim'briiita 

intcrfltriatu    . , , ..... 

Pkuropli  orus  imgulatui   . . . 

elongfttns 

PlA(niiiopat9  nipinft    , . , . . 

Pteromyn  CrowconibeiB    ... 

simplex .,...., 

Pc«ten  Vftloni)Miii*    ....,,... 

I1i\'b!t^  tincKrtain    ,,..*,... 

StrapoTolua  Si^^edi    

Moore 

Moor* 

Moore 

Moore 

Martin      ... 

Moore 

Moore 

Mborw 

Moore 

Moore...... 

Moore...... 

Moore 

Moore 

Moore 

Moore...... 

Brodie 

Troolmii  nudxu  ............... 

Waltonu 

Chem nitEia  nititla 

Cerithiuni  Henrioi  7 

decora  tiim 

Rhicticura. . ...,,,.,...,. 

Chiton  RlMEticui 

C>f ImdHt4M  fumTonnu  ...... 

NK^c»Oppvlii 

NaladitA  ac<iunia&t&  ......... 

CAcn-iCBA, 
Ofpri»  IbMica   

SffiJierin  fniTiutu   ,„.r 

Albertt. 

CimmPEDOii. 
Polltcipes  BhUitioua 

Moore...... 

PL  XVI.  fig.  3L 

EcnUfODERltATA. 

Ik^ini,  spineei  Sl^* 

Ophiura?,  jointo  of 

Enerimt«8^  cUMni  of ,.,. 

Zoomrtrit. 

MonUiT»ltift 

IHASCTA, 

Cw»bid«?wmgiof 

\ . 

v„. .._ 

V 

\ 
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Appendix. 

Section  ai  Sheptan-MaUet, — ^Whilst  this  paper  has  been  going 
through  the  press,  1  have  made  an  excursion  along  the  unfinished  line 
of  Bailwaj  £rom  Shepton-Mallet  to  Wells.  In  doing  this  I  was  much 
gratified  to  find  that  an  admirable  section  of  the  RhsBtic  beds  has 
been  opened  up,  in  which  all  the  strata  from  the  Bed  Eeuper  Marls 
to  the  AmmonUes  Bucklandi  beds  are  exposed.  There  is  probably 
no  other  section  in  this  country  in  which  continuously,  and  at  one 
▼iew,  these  lones  of  rock  can  be  so  well  studied ;  and  fortunately 
there  is  every  probability  that  the  sides  of  the  railway-cutting  at 
this  point  Tnll  always  remain  open.  The  section  given  below  is 
about  a  mile  west  of  Shepton-Maliet ;  the  beds  have  a  gradual  dip 
to  the  east  towards  that  town. 


Section  at  Shepton^ Mallet  {in  ascending  order), 

ft.  in. 

14.  Blue  Btone 0  10 

15.  BluoBtone 0    9 

16.  OUy    0    1 

17.  Stone 0    4 

18.  Dense  black  day   12    0 

19.  Flintybed  1    0 

20.  BluecUy    2    6 

21.  "White  Lias ;"  about  twenty  beda ; 
paaainff  upwards  into  tmn  and 
somev^iat  irregular  beds  repre- 
senting the  Saurian  and  other 
tones  at  Beer-Crowcombe  and 
Street 


ft.  in. 

1.  Bed  Eeuper  Biarl 10  0 

2.  Yellowishsand  1  0 

8.  Green  sandstone   1  3 

4.  Clay    0  2 

5.  Green  sandstone   2  0 

6.  Green  sandstone   2  6 

7.  Clay    0  4 

a  Yellowish  sandstone 0  9 

9.  Clay    0  2 

10.  Yellowish  sandstone 0  6 

11.  Greenish  clay 0  5 

12.  Yellow  sandstone  1  0 

la  BluecUy    1  0 


The  sandstones  Nob.  3  to  14^  which  are  superimposed  upon  the 
Bed  Marls,  would  yield  very  excellent  building-stone,  could  they  be 
extracted  over  any  considerable  area.  They  are  apparently  destitute 
of  organic  remains,  though  they  contain  the  black  vegetable-like 
patches  noticed  in  the  same  zone  at  Beer-Crowcombe :  what  these 
are  derived  from,  it  is  difficult  to  conjecture. 

No.  18  is  a  black  laminated  day,  12  feet  in  thickness,  full  of  the 
impressions  of  BliSBtio  shells.  The  Avicula  contorta  is  very  abun- 
dant, and  attains  double  the  size  of  our  figured  specimen.  Axinus, 
CardiuM,  Myadteg,  and  other  genera  are  also  present. 

No.  19,  which  rests  immediately  upon  the  above,  is  the  equivalent 
of  the  "  FUnty  Bed  "  of  Beer-Crowcombe.  Its  lithological  appearance 
is  precisely  similar;  but,  although  it  contains  many  organic  remains, 
they  are  in  so  comminuted  a  state  that  very  few  are  to  be  extracted 
entire.  On  its  outer  surface  are  a  few  scales  and  teeth  of  Fishes  of 
the  age  of  the  Bone-bed,  which,  as  at  Beer-Crowcombe,  is  entirely 
wanting,  as  a  distinct  bed,  in  this  section,  though  it  is  to  be  found  in 
other  places  near  Shepton-Maliet. 

The  blue  day,  No.  20, 1  was  unable  to  examine  for  organic  remains. 
The  ''  White  Lias,"  and  the  beds  passing  upwards,  are  not  so  well 
represented  as  in  other  sections  in  the  West  of  England,  the  beds 
bcong  thinner,  more  irregular,  and  without  the  day-partings  present 
in  the  latter  sections. 
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ESPLANATTON  OF  PLATES  3tV.  4  XTl, 
PLATl  XT. 

Fig.  1*   Sargodon  totDicus*  Qutn^tdt,  nat.  atze,    Bwr. 

2.  Stf^pjirolufl  Satsisiit  Afo&Ff,  natoml  size.     B«ct. 

3,  „  ,t  upper  aurf«i»,  erLkr^ged. 
4»         „  t,         back  Tiew,  ^nUi^gedM 

5.  ,,  .,        under  Burfscse),  enlafi^nl. 

6.  GeTvilU*  prfficuraor.  Qu^i^fdt,  right  fulve^  diiniiqglktfli  of  ofi^*i 

Boer. 

7.  GerTiUia  pracunsor,  bft  -ralr*.    Beer, 

8.  omala,  Af<x>i^,  eialaiv^'d    Beer. 

0.  lima  pnimreop,  f^ntumf,  ii«t  tise.  Bstr. 
10.  Aricula  contorta,  Florthck^  toL  mm.  Bmc. 
1 L        tt       «olitariji,  Mogt^^  «xtlaifed     Be#^, 

12.  Pkurophoruj  angukto*,  Afiwre.  ealargtnl.     Bi«r. 

13.  „  „        leftvalTe;  worn.     Bnr* 

Ifi.  t,  ,*      H^TalTia:  naL  tixfr.     Bmy. 

15.  Aiiiiufl  clt>aciiius,  QumsiedU  enlw^cd.     Bcef^ 

17.  — —  depresBiia.  M^of«,  n*t  su».    Iker. 

18.  dongiitua,  JUiJ^fe,  c^&iwd.     Beer. 

PJ.  cx)iioeiiineu%  Mo^ftt  k*ft  Talfe*  «!D|ftrgod.     Bt*r 

20.        ,,  „  right  tsItb,  enlwigwl     Bwr- 

til.        „  „  varietr.  enkfig«L     Riw, 

i22.  Pteromya  Crowcomboift,  M<M?re,  lettrtilr^  nat  iiw,     Bet^. 

23.  ,^  ,,  Tight  imlra,  hac^  vbeh     Bae^r. 

24.  aimplei,  Afooir,  left  tsItp,  nat.  ids?.     B«?ff, 

25.  Ledfl  Titei,  Moort^  perftwt  shell.  tlightlT  cnlufKod,     B«T 

26.  Modioli  miiiiiua,  Sim'rrhj/^  nut  «ize.     ^'ler 

27.  „  ,*     (?)  Toung.  cnlArgtd.     Betsr. 


28.  Cardium  Rbfttitfiim,  Mtrian^  naL  i 


BtMt, 


Fig.l. 

2. 
3. 

4. 


PLATE  XTT. 
Mjadtes  vtriato-gr&nulaU,  Af4>OTT,  sbowivif  tb*  £r«iiubU4  f 

Btie.    Beer. 
A&atina  ?  SuesKi  C^rp^  nat  ibe.    Beer, 

?  pril^viinon  i^utmsfni/,  iiiit  tin'.     Bfdr* 

PliicmiopsU  alpiii4,  Wmkltr,  ht^  valt^,  nat  mm.    Bsw. 

„      extenor  of  fm*li  taItii,  nai,  itn.    Brt 
Pecton  Valonieiuiii  J^^/^^ttntv,  nat  mse. 
7-  AjT-a  Ljocttii,  Mo&n^  HAt  ibe.     Bf^ft'. 
8.  Myopliona  po«ter»,  Qm^Mi.^  r'jaHt  Talfi^  anlafgiMi    Bi«r. 
y.  „  „  It^Kvalinp^ 

10.  „  i>  kit  ral^e^  thowiiig  da«tfc«lal*d  c 

1 1 .  Oiemtiitxia  mtida,  Moc^f,  ctdargcd.    Bdcr. 

12.  HonHci,  ^faHin,  enlarged.     Beer. 

13.  C«rithiUTii  eonftnctuns,  Msorr,  enlawrieii,    Biwf. 
14-  decoratiim,  Mixme^  enLu^ed.     Beer. 

15. evliiidricMtin,  Mt^ort^  tmlargEcL     B<^ar. 

16.  — ^-  lihn^tK^m,  Moi»%  embj^^.     Bpff* 

17.  Nalica  Oppelii,  Mot^rt^  ettUf^ged.     Bwr, 

16.  C^lifidhtoi  fusiformia.  ^Vou^tY,  loolafigrtL    Q^er. 

1  tj».  OTalk,  Moorr^  cnhr^fiA. 

30    elongatu*,  Mootv,  eakogpL 

21.  oTJformUt  Moorr^  eiUafged. 

22.  Trocbue  nudua,  Mmw* ^  «Bi£af^Ml«    Bc^* 

23.  Wfilujni,  Afoor^  mlaxfvd.    B«^, 

24.  OstPiM  fimbriate,  Moim,  nai.  nisii^     TaDk 

25.  inteniriata,  EmmmcAt  nat.  «».     ValtiL 

2U.  Bivalvfs  uncvirtalii,  nat  mo.    Ikvr. 
£7.        ,,  ,,        nat.  *t*c.     Boer. 

23.  CMkm  Hb(i?lkua^  M&tfn,  aingb  plated  ^nlafnai.    T4 

so.  PoUkiv 
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Junk  5, 1861. 

Joseph  Tolson  White,  Esq.,  Mining  Engineer,  Wakefield,  York- 
shire, and  William  Boyd  Dawkins,  Esq.,  B.A.,  Jesus  College,  Oxford, 
were  elected  Fellows. 

The  following  communications  were  read : — 

1.  On  the  Occurrence  of  Large  Granite  Boulders,  at  a  Great  Depth, 

in  West  Rosewarne  Mine,  Gwinear,  Cornwall. 

By  H.  C.  Salmon,  Esq.,  F.G.S. 

At  West  Rosewamo  Mine,  in  the  parish  of  Gwinear,  Cornwall,  some 
remarkable  granite-boulders  have  been  met  with  in  the  50-fathom 
level  below  the  adit ;  the  adit  being  24  fathoms  deep  from  surface, 
this  50-fathom  level  is  consequently  74  fathoms  from  surface. 

The  sections  given  in  the  accompanying  figs.  1,  2,  3,  show  the 
form  and  position  of  these  boulders  in  the  level.  Their  full  size 
cannot  be  ascertained,  for  they  extend,  as  will  be  seen,  into  the  roof 
and  south  side  of  the  level ;  but,  taking  those  parts  which  are  exposed, 
there  appear  to  be  two  large  boulders,  about  4  inches  apart,  the 
eastern  one  projecting  down  3  feet  into  the  level,  and  the  western 
one  projecting  down  2  feet,  as  shown  in  the  vertical  section,  ^g.  2. 
The  length  and  width  of  these  in  the  back  of  the  level  are  shown 
in  the  section  (horizontal),  ^g,  3.  The  length  of  the  eastern  boulder 
is  4  feet  2  inches,  and  that  of  the  western  boulder  3  feet  10  inches : 
the  width  which  they  extend  across  the  back  of  the  level,  from  the 
south  side,  is  the  same  for  both,  viz.  2  feet  9  inches.  The  particular 
form  of  these  boulders,  and  their  relative  position  to  each  other,  are 
fully  shown  in  the  sections;  the  vertical  transverse  section  in  fig.  1. 
across  the  great  eastern  boulder,  shows  the  manner  in  which  it,  and 
a  smaller  granite  mass  beneath  it,  originally  penetrated  across  the 
level — the  dotted  lines  marking  the  portions  removed  in  excavating 
the  level. 

Besides  these  two  large  boulders,  there  are  also  five  other  smaller 
granite  boulders  or  pebbles  found  in  their  neighbourhood.  The  di- 
mensions of  the  sections  of  these  latter  which  appear  in  the  south  side 
of  the  level  are — (1.)  14  inches  by  5^  inches;  (2.)  22  inches  by 
12  inches ;  (3.)  11  inches  by  8  inches ;  (4.)  4  inches  diameter ;  (5.) 
7  inches  by  3  inches ;  all  shown  in  fig.  2,  in  the  order  given,  from  west 
to  east.  It  is  worthy  of  remark  that  the  two  first-named — one  IjHlng 
2  inches  under  the  great  eastern  boulder,  and  the  other  lying  a  little 
to  the  west  of  this,  just  under  the  point  of  contact  of  the  two  largo 
boulders — are  more  angular  in  form  than  either  of  the  two  largo 
boulders  themselves,  or  either  of  the  three  remaining  smaller  ones. 
Although  the  full  size  of  the  large  boulders  cannot  be  ascertained, 
their  probable  size,  judging  from  the  portions  exposed,  would  appear 
to  be  nearly  the  same ;  that  is,  about  6  feet  in  width  and  depth, 
with  a  length  of  from  4  feet  to  4^  feet. 

The  locality  where  these  boulders  are  found  is  shown  by  the  draw- 
ing* No.  II.  The  West  Rosewarne  Mine  is  supposed  to  be  worked 
*  Not  engraved  with  this  paper. 
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Fig.  1. —  Vertical  Section  across  the  Level  at  Ou  line  AB  in  Jig.  2,  show^ 
ing  ihe  original  projection  of  the  Boulders  across  the  Level  or  OaUen/. 


a,  a.  Killas.    b,  b.  Granite-boulden.    c,  c.  Lode. 

Fig.  2. — Vertical  Section  along  the  side  of  the  Level,  showing  the 
Oranite-hoidders  on  the  South. 


F.Mt. 


Wot 


a  B  « 

o,  d.  Killas.    b,  b.  Gmiite-boulden. 


Fig.  3. — Horizontal  Section,  or  Oround-plan,  showing  ths  BcfMtrt 
in  the  Back  of  the  Level. 

b  a  s 


Oy  a.  SiVlBft.    b,  b.  0(nav\W\)(Gra^j^m%,    c^ «.  Iiadk 
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on  the  same  lode  as  that  wrought  on  in  the  Kosewame  United  Mines 
lying  to  the  east,  on  the  other  side  of  the  road.  The  direction  of 
this  lode,  which  is  about  due  east  and  west^  extends  east  towards 
the  main  granite-range  of  Crowan^  which  is  about  two  miles  distant 
from  West  Eosewame.  In  this  mine,  the  direction  of  this  main 
lode  is  thrown  out  of  its  ordinaiy  direction  by  taking  a  bend  to  the 
lefL  At  the  point  where  (going  west)  this  bend  commences^  a 
branch-lode  goes  off  with  the  same  direction  as  the  normal  bearing 
of  the  main  lode :  this  lode  is  called  the  '^  north  branch ; "  and  it  is 
on  the  south  side  of  this^  lying  in  the  *'  killas  "  or  '^  country/'  that 
the  boulders  are  found.  The  sections  given  in  figs.  1  and  3  accu- 
rately show  the  position  of  the  boulders  with  regard  to  this  branch- 
lode^  which  is  here  from  10  to  12  inches  wide,  the  latter  width  being 
the  maximum  of  the  lode  as  far  as  it  has  been  seen  in  the  ground 
opened.  Both  the  large  boulders  abut  up  dose  against  the  lode,  but 
do  not  extend  into  it. 

I  have  said  that  the  boulders  are  in  the  ''  country  "  or  "  killas," 
which  is  so  far  correct  that  a  defined  line  can  be  drawn  between  the 
lode  and  the  strata  in  which  the  boulders  are  imbedded.  But  al- 
though this  line  can  be  drawn,  there  is  yet  a  very  striking  analogy 
between  the  two.  The  lode  is  almost  entirely  made  up  of  breccia 
(prindpally  angular  frtigments  of  killas) ;  and  the  '*  country  "  in 
which  the  boulders  occur  is  also  itself  of  a  brecciated  and  conglo- 
meratic character,  containing  numerous  small  boulders  and  pebbles 
of  capel  and  porphyry  (elvan) :  they  range  from  |  inch,  or  even  less, 
up  to  12  inches  in  diameter,  and  are  called  by  the  miners  *'  bullies," 
the  small  ones  being  called  ''  young  bullies,"  and  the  larger  ones 
''grown  bullies."  As  a  general  r^e,  these  rounded  pebbles  and 
boulders  seem  to  be  found  in  the  "  country  "  in  the  neighbourhood 
of  the  lode,  but  not  generally  in  the  lode  itself,  nor  in  the  <'  country  " 
at  any  distance  from  the  lode.  In  none  of  the  cross-cuts  entirely 
away  from  the  lode,  in  what  miners  would  call ''  dean-country,"  are 
any  of  these  boulders  to  be  seen.  Thus  the  lodes  themselves  seem 
to  be  essentially  breccia,  rarely  containing  round  boulders  or  peb- 
bles. The  ''  oountzy  "  in  the  immediate  neighbourhood  of  the  lode 
is  also  brecciated,  but  in  a  minor  degree  to  the  lode  itself,  and  is 
eminently  characterized  by  these  rounded  boulders  and  pebbles; 
while  the  "  coimtiy  "  at  a  distance  from  the  lodes  is  generally  quite 
free  from  either  breccia  or  pebbles,  which,  as  far  as  can  be  seen, 
seem  to  die  out  gradually,  and  not  to  cease  at  any  definite  line. 
These  &ct8  seem  to  me  to  prove  satisfactorily  that  there  is  a  dedded 
relation  between  the  lodes  and  these  breccia  and  boulder-diaracter- 
istics  of  the  "  coimtry,"  whidi  it  should  be  our  object  to  investigate 
much  more  thorougUy  and  carefully  than  has  hitherto  been  done ; 
for,  although  similar  phenomena  have  been  frequentiy  observed  in 
other  mines  in  the  same  district,  they  seem  to  have  been  rather 
regarded  as  matters  of  curiosity  than  investigated  as  factB  which  might 
help  to  eluddate  the  conditions  under  which  the  lodes  originated. 

At  Belistian  Mine,  west  of  West  Kosewame,  and  probably  on  the 
same  ran  of  lodes,  and  at  Herland  Mine,  to  the  north-west,  on 
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parallel  lodes,  the  occiirrence  of  boulders  and  pebbles  has  long  been 
noticed  and  recorded,  particularly  in  the  '  Transactions  of  the  Boyal 
Geological  Society  of  Cornwall,'  which  contain  several  references  to 
them.  In  vol.  iii.,  in  a  paper  "  on  the  Granite  of  the  western  part 
of  Cornwall,"  p.  238,  the  Late  Mr.  Came  thus  refers  to  the  pebbles 
at  Kolistian : — 

**  The  pebbles  of  the  Eelistian  Mine  are  well  known :  here,  at  a 
depth  of  100  fathoms  below  the  surface  (which  is  not  higher  than 
the  surrounding  country),  a  mass  of  pebbles  was  discovered  in  the  tin- 
vein,  about  12  ft.  in  length,  and  nearly  the  same  in  width  and  thick- 
ness ;  and  scattered  pebbles  were  found  in  the  vein  far  beyond  thof« 
boundaries.  The  pebbles  are  slate, — ^the  same  as  the  slate  of  the 
country,  which  appears  to  have  some  chlorite  in  its  composition,— 
and  are  cemented  together  by  a  chloritic  substance.  In  the  crevices 
between  the  pebbles,  and  connected  with  the  cementing  substance, 
are  oxide  of  tin  and  yellow  sulphuret  of  copper ;  the  former  alwa}-B 
crystallized ;  the  latter,  never." 

In  vol.  V.  p.  36,  Mr.  William  Jory  Henwood  thus  describes  simi- 
lar phenomena  in  the  same  mine  and  in  Herland : — 

'^  At  Belistian  the  slate  contains  numerous  spheroidal  concretions : 
some  of  them  are  compact,  otheis  schistose  slate,  and  others  are  en- 
tirely of  quartz.  In  Herland,  about  110  fathoms  deep,  there  are  nu- 
merous nodular  masses  of  granite,  which  consist  of  a  base  of  felspar 
with  some  quartz  and  a  litUe  mica ;  they  are  fine-grained  and  decom- 
posing. They  vary  in  size ;  and  whilst  some  are  not  larger  than  a 
hazel-nut,  others  are  two  or  three  feet  in  diameter.  Both  at  Relistian 
and  Herland  they  are  entirely  enveloped  by  the  slate,  and  have  no 
apparent  connexion  with  each  other;  neither  have  ttie  masses  of 
granite  in  the  latter  any  contact  with  the  lodes,  or  with  any  of  the 
small  strings  of  quartz  traversing  the  slate." 

In  Table  36  of  the  same  vol.  v.,  referring  to  the  155-fathom 
level  in  Relistian,  Mr.  Henwood  makes  the  following  note : — 

<'  On  both  sides  of  the  lode,  but  particularlv  on  the  north,  the  slate 
is  very  soft,  and  opens  in  small  joints :  in  this,  round  masses  of  slate 
are  often  firmly  imbedded.  They  are  surroimded  on  all  sides  hj 
slate ;  but  this  structure,  which  prevails  in  many  parts  of  the  rock, 

is  only  visible  on  breaking  it I  was  shown  one  round  stone 

of  elvan  which  was  said  to  have  been  found  at  135  fathoxios  deep." 

As  far  as  I  can  ascertain,  however,  nothing  as  yet  has  been  found 
at  such  a  depth,  at  all  comparable,  either  in  size  or  character,  with 
the  boulders  I  have  described.  The  largest  referred  to  are  stated  as 
from  2  to  3  feet  in  diameter,  while  those  I  have  described  must  be 
at  least  6  feet  in  diameter.  The  mineral  character  also  is  decidedly 
different ;  for  the  granite  of  the  pebbles  and  boulders  hitherto  ^Dfond 
seems  to  have  been  invariably  of  a  porphyritio  charaoter,  with  cry- 
stals of  felspar  and  quartz  crystallized  out  of  a  base  (probably  fd- 
spathic),  and  with  very  little  mica.  Boulders  of  this  dass  bare  also 
been  found  in  West  Rosewame,  east  of  the  cross-cut,  in  the  fifty- 
fathom  level  at  the  point  marked  6,  and  in  the  seventv-fathom  level 
at  the  point  marked  c,  Vn  ^^  ^^xK^ra\%'^Q.  II«    SQecuiieiiB  of  these 
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are  on  the  table ;  and  an  inspection  of  them  will  show  their  marked 
porphyritie  character.  On  die  other  hand,  the  composition  of  the 
two  large  boulders^  and  of  the  two  smaller  and  more  angular  fragments 
beneath  them,  is  such  as  is  essentially  characteristic  of  a  large  granite- 
maaa,  there  being  an  entire  absence  of  any  porphyritie  characteristics, 
and  an  abundant  development  of  mica.  Now,  the  smaller  porphyry* 
granite  boulders  are,  most  probably,  true  granite,  and  derived  £rom 
a  large  granite-mass ;  but  another  hypothesis,  which  should  assume 
for  them  a  derivation  from  some  of  the  numerous  elvan-courses 
which  traverse  this  district,  would  not  be  absolutely  inconsistent 
with  the  evidence  of  origin  afforded  by  their  mineral  character ; 
for  elvan-courses  do  at  times  (particularly  at  considerable  depths) 
take  an  approximate  porphyry-granite  structure,  and  show  some 
mica :  in  their  case,  consequently,  it  would  not  be  absolutely  neces- 
sary to  assume  their  introduction  £rom  the  surface;  they  might 
have  been  introduced  at  considerable  depths,  and  become  rounded  in 
the  lodes  or  broken  country  adjoining  them.  But  in  the  case  of  these 
large  boulders,  such  a  solution  is  scarcely  conceivable.  Their  di- 
stinctive mineral  character  places  it  beyond  doubt  that  they  are  derived 
from  a  large  granite-mass ;  and  the  distance  of  the  nearest  granite 
from  the  locality  where  they  are  found  seems  to  preclude  any  hypo- 
thesis  except  that  which  would  assume  their  introduction  to  have 
taken  place,  by  a  fissure,  from  the  surface.  I  leave  out  of  the 
question  the  hypothesis  that  these  boulders  can  be  considered  as 
being  contemporaneous  with  the  original  deposition  of  the  strata ;  for 
it  appears  to  me  that  their  evident  correlation  with  the  other  boulders 
and  pebbles  (which,  although  not  necessarily,  nor,  indeed,  usually 
found  in  the  lodes  themselves,  have  yet  been  recognized  by  long  expe- 
rience as  having  anundoubted,  althoughill-understood  connexion  with 
them),  taken  in  connexion  with  the  brecciated  and  conglomeratic 
nature  of  the  country  in  which  they  are  imbedded,  renders  any  such 
suggestion  quite  untenable.  The  whole  bearing  of  the  evidence  shows 
that  the  boulders  must  be  taken  as  having  been  subsequently  intro- 
duced, and  most  probably  by  a  fissure  from  the  surface. 

Still,  a  solution  of  this  kind  presents  some  peculiar  theoretical  dif- 
ficulties. The  only  plausible  hypothesis  of  ite  formation  of  metal- 
liferous deposits  such  as  those  of  Cornwall — the  only  one  capable  of 
giving  even  an  intelligible  explanation  of  their  phenomena — ^is  that 
which  assumes  them  to  be,  like  granite  and  some^other  crj'stal- 
line  rocks,  of  an  essentially  hypogene  origin, — to  have  necessarily 
originated  at  considerable  depths,  and  become  subsequently  exposed 
by  the  action  of  denudation.  But  if  these  boulders  were  introduced 
from  the  surface,  the  lode  must  be  of  a  date  subsequent  to  the  un- 
covering of  the  neighbouring  granite-range  by  the  action  of  denuda- 
tion, and  be  held  to  have  become  opened  and  filled  comparatively 
near  the  then  surface,  instead  of  being  hypogene — of  having  originated 
at  great  depths. 

ISq  searching  for  an  elucidation  of  the  obscure  and  complicated 
causes  under  which  metalliferous  lodes  have  originated,  nothing  is 
more  important  than  to  endeavour  to  ascertain  what  periods  of  time 
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had  elapsed  between  their  formation  and  that  of  the  eniptiye  rocks 
with  which  they  are  generally  assodated,  and  which  they  iDBually 
penetrate.  Merely  to  ascertain,  as  we  have  already  done,  that  the 
lodes  are  generally  subsequent  in  age  to  these  rocks,  is  of  comparatiTely 
little  practical  value ;  what  we  want  to  know  is^  were  they  immedi- 
ately subsequent,  almost  contemporaneous  ? — or  did  long  interrals  of 
time  elapse  between  the  formation  of  the  one  and  the  other  ?  Another 
important  considoration  is,  to  ascertain  at  what  depth  beneath  the 
sur&co — under  what  amount  of  cover — did  they  originate. 

Anything  that  can  throw  light  on  these  subjects  is  of  the  hi^icst 
geological  importance.  It  seems  to  me  that  these  bonlder-phenoment 
of  Gwincar  may  have  that  result ;  but  at  any  rate  they  are  of  great 
interest  as  affording  evidence  of  the  physical  conditions  attending  the 
formation  of,  at  least  a  certain  class  of,  metalliferous  lodes. 


2.  On  an  Ebect  Sioillabia  from  the  South  Jogohts,  Nova  Sooni. 

By  J.  W.  Dawsow,  LL.D.,  F.G.S. 

(Abridged.) 

The  erect  trees  so  frequent  in  this  celebrated  coast-section,  thoo^ 
often  distinctly  ribbed,  rarely  show  the  minute  markings  of  the  led- 
scars  in  a  sufficiently  perfect  state  to  enable  them  to  be  compared 
with  those  of  the  flattened  trunks  seen  in  the  shales  and  ironstones. 
This,  no  doubt,  arises  in  part  from  the  circumstance  that  the  bases  of 
the  trunks  of  Sigillarioi  did  not  always  retain  their  characteristic 
markings,  and  in  part  from  the  unfavonrable  influence  of  an  erect 
position  in  coarse  and  often  laminated  sediment.  The  specimen,  to 
which  this  note  relates,  and  which  I  obtained  in  1859  frx>m  a  sand- 
stone in  Group  XIY.  of  my  section  of  the  South  Joggins*,  affords  an 
exception  to  the  generally  imperfect  condition  of  these  trunks  soffi- 
cienUy  remarkable  to  merit  a  short  notice. 

The  specimen  measures  3  feet  in  height,  and  is  10|  indies  in 
diameter  at  the  base,  9  inches  in  the  middle,  and  7j|  inches  at  the 
top,  where  it  was  abruptly  broken  off.  At  the  base  it  shows  the 
usud  tendency  to  divide  into  four  main  roots ;  but  these  have  hoea 
nipped  off  or  flattened  by  pressure,  not  having  been  filled  with  sedi- 
ment The  trunk  retains  its  form  on  one  side,  but  on  the  other  the 
bark  has  been  rent  from  top  to  bottom,  and  in  part  fodded  inward. 
This  seems  to  have  been  caused  by  the  pressure  of  the  suiroonding 
sediment,  and  has  probably  somewhat  diminished  the  diameter  of 
the  stem.  The  interior  of  the  trunk  is  filled  with  grey  saadstone, 
similar  to  that  of  the  enclosing  bed.  The  outer  bark,  leaa  than  a 
line  in  thickness,  is  in  the  state  of  bituminous  ooal ;  and  an  intenal 
cast  with  a  thin  coaly  envelope  represents  the  pitii.  This  intenul 
cast  extends  through  the  greater  part  of  the  length,  bat  has  fiJlen  to 
one  side.  It  is  only  half  an  inch  in  diameter.  The  coaly  matter 
remaining  on  its  surface  shows,  when  prepared  with  sitrio  acid» 
*  Q,\ttxt.  Scram.  QmsoL  Boe.  vol.  x.  p.  6. 
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eellular  stnicture ;  and  traces  of  transverse  Stembergian  markings 
remain  in  parts  of  it^  so  that  it  most  not  be  regarded  as  the  woody 
axis,  which  has  disappeared,  but  merely  as  the  pith-cylinder. 

The  leaf-scars  and  other  surface-mar^ngs  are  preserved  throughout 
the  specimen,  but  only  in  a  few  places  in  sufficient  perfection  to  show 
the  more  minute  features  of  the  former.  At  the  upper  part  the  ribs 
are  very  prominent,  and  there  are  twenty-six  in  the  whole  circum- 
ference, the  breadth  of  each  rib  being  about  nine-tenths  of  an  inch. 
On  the  outer  or  cortical  surface  each  rib  is  flattened,  or  even  concave, 
along  the  middle,  and  strongly  rounded  at  the  sides,  descending  into 
deep  intercostal  furrows ;  the  flat  mesial  portion  being  smooth,  the 
lateral  portions  marked  with  sharp  vertical  ridges,  and  in  places  with 
very  deUcate  longitudinal  and  transverse  strise.  The  leaf-scars  extend 
across  the  smooth  middle  portion  of  the  rib,  and  are  distant  from  each 
other  one  inch  vertically.  In  form  they  resemble  those  of  Sigillaria 
tranwersalis,  8.  Defrancii,  and  S.  Broehantii,  Brongt.,  being  trans- 
versely lanceolate,  emarginate  above,  with  acute  lateral  edges.  Those 
beet  displayed  show  two  vascular  punctures,  with  a  third  mark  or  pro- 
minence between  and  rather  below  them.  On  the  so-called  ligneous 
surface,  or  that  of  the  inner  bark,  the  ribs  are  slightly  furrowed  or 
striated  lengthwise ;  and  the  leaf-scars  are  represented  by  two  deep 
punctures  of  the  vascular  scars. 

In  tracing  the  ribs  downward,  some  of  them  wedge  out  and  dis- 
appear ;  so  that  at  the  middle  of  the  length  of  the  tnmk  there  may  be 
about  22 ;  each  with  a  breadth  increased  to  one  inch  and  four-tenths, 
and  flatter  than  those  at  the  top,  with  the  intercostal  furrow  shallower. 
The  leaf-scars  are  now  widened  transversely,  and  have  lost  their 
minute  markings  on  the  cortical  surface;  while  on  the  ligneous 
surface  the  vascular  pimcturos  are  twice  as  far  apart  as  at  the  top. 
About  the  middle  the  vertical  distance  of  the  scars  diminishes  some- 
what suddenly  to  seven- tenths  of  an  inch. 

In  the  lower  third  of  the  stem  the  ribs  are  quite  obliterated,  and 
the  whole  surface  is  wrinkled  with  coarse  waving  stri83  or  small 
furrows,  due  apparently  to  the  expansion  of  the  outer  bark.  The 
leaf-scars  still  remain  in  regular  vertical  rows ;  but  these  are  reduced 
to  about  twelve,  and  apparently  at  the  base  to  as  few  as  nine.  The 
vertical  distance  of  the  scars  is  still  about  0*7  inch ;  but  the  transverse 
distance  between  the  centres  of  the  rows  is  increased  to  2*8  inches 
or  more.  In  form  the  leaf-scars  are  now  transverse  furrows,  an  inch 
or  more  in  length,  and  the  vascular  pimctures  are  half  an  inch  or  more 
apart  in  each  scar. 

Of  the  roots  I  could  obtain  no  specimens ;  but  the  markings  on 
the  bark  at  the  base  of  the  trunk  are  precisely  similar  to  those  on 
many  Stigmarian  roots  found  attached  to  loss  perfectly  preserved 
stems,  and  a  few  stigmaroid  areoles  are  perceptible  on  the  lower  sur- 
face of  the  stump. 

The  woody  axis  has  entirely  disappeared,  nor  does  any  mineral 
charcoal  appear  in  the  base  of  the  cast.  It  has  either  been  entirely 
removed  by  decay,  or  has  been  washed  out  by  the  waves  before  the 
hollow  bark  was  filled  up. 
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Ab  this  trunk  appears  to  belong  to  a  species  not  previouslr  de- 
scribed, and  wo  have  a  better  knowledge  of  its  parts  and  mode  of 
growth  than  of  those  of  most  of  the  named  species,  I  may  propose 
for  it  a  specific  appellation,  and  would  call  it  SigiUaria  Brownii  in 
commemoration  of  the  many  interesting  discoveries  in  relation  to 
these  plants  made  by  my  friend  Richard  Brown,  Esq.,  of  Sydnej, 
Cape  Breton. 

The  author  adds  to  this  notice  some  remarks  on  points  relating  to 
/SigiUario!  in  general,  illustrated  by  the  specimen  above-described:— 
1.  The  evidence  of  the  exogenous  growth  of  SigiUaria  *.  2.  The 
decadence  of  the  leaves  from  the  lower  part  of  the  trunk  in  the  living 
state,  and  their  abundance  (as  Cyperites),  detached,  in  the  coal-mea- 
sures :  the  shorter  vertical  distance  of  the  scars  on  the  lower  part  of 
the  trunk,  showing  that,  when  young,  the  leaves  were  much  more 
crowded  than  subsequently :  the  absence  of  transverse  bands  of  de- 
formed and  crowded  scars  sometimes  seen  on  SigiUaria  t,  probably 
connected  with  periods  of  fructification,  and  possibly  occurring  on 
the  upper  part  of  the  trunk  only.  3.  The  difficulty  of  comparing 
the  characters  of  erect  with  those  of  prostrate  SigiUaria!.  4.  The 
species  of  SigiUaria  found  at  the  Joggins  may  amount  to  about 
twenty ;  and  with  reference  merely  to  the  habit  of  growth,  without 
regard  to  the  resemblances  or  differences  in  the  leaf-scars,  these  may 
be  arranged  in  three  groujw.  The  first  will  include  the  present 
species  with  S,  reniformisy  S.  aUtrnans,  S.  organum,  and  another 
(S,  ovaUs,  mihi)  with  oral  scars  like  those  of  S.  catenidata  but  an 
inch  apart  vertically.  Tliese  have  broad  and  well-marked  ribs, 
attain  to  a  large  size,  and  often  occur  erect.  Other  species  with 
narrow  and  less  distinct  ribs  and  more  or  less  crowded  scars,  u 
S,  elegans,  S.  Knorrii,  S.  sctUeUata,  S.  SauUii,  &c.,  do  not  appear  to 
have  attained  to  so  great  diameter,  and  are  more  rarely  seen  erect 
In  some  of  these  species  the  markings  and  leaf-scars  seem  to  be  more 
perfectly  preserved  to  the  very  base  of  the  trunk  than  in  the  species 
before  mentioned.  A  third  group  consists  of  species  like  S,  Deframi^ 
S,  Menardi,  &c,,  which  are  destitute  of  ribs  and  have  the  scan 
arranged  spirally.  Some  of  these  were  of  considerable  diameter,  others 
quite  small ;  but  they  are  rare,  and  I  have  not  recognized  them  in 
the  erect  position.  5.  The  bast-like  tissue  of  the  inner  bark  of 
SigiUarice  is  abundant  in  some  of  the  cool  of  the  Joggins ;  whiM 
the  discigerous  tissue  i  is  prevalent  in  the  great  Piotou  coal-seam : 
the  author  thinks  that  in  the  former  case  t^e  decomposition  of  the 
vegetable  matter  was  probably  subacrial,  or  like  that  of  a  forest-soil; 
whilst  the  conditions  of  the  latter  were  those  of  peaty  bogs. 

A  risunU  of  the  observations  previously  published  regarding  Sigii- 
laria,  by  Brongniart,  Corda,  and  others,  is  added  in  the  supplemental 
note  to  this  paper. 

*  Quart.  Jouni.  G«oI.  See  toI.  x.  p.  32. 
t  Ibid.  Tol.  XV.  p.  640. 
}  Ibid.  vol.  xii.  p.  631. 
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3.  Note  OH  a  Cabfolite  froni  the  Coal-Formation  of  Cape  Breton. 
By  Dr.  J.  W.  Dawson,  F.G.S. 

All  tlie  beet  authorities  on  coal-plants  are  disposed  to  refer  the 
seeds  or  fruits  known  by  the  generic  names  Triganocarpum  and 
Ehabdocarpus  to  phsenogams,  and  probably  to  gymnosperms.  In 
this  case  tiiey  may  have  belonged  to  Coniferas  or  StgtlJaria,  or  to 
both.  That  they  belonged  in  great  part  to  the  latter  is,  I  think, 
rendered  probable  by  their  occurrence  very  abundantly  in  the  middle 
part  of  the  coal-measures  where  Sigillaria;  abound,  by  their  various 
forms  corresponding  rather  to  the  many  species  of  Sigillarice  than  to 
the  few  of  Conifers,  and  by  their  abundant  occurrence  in  the  interior 
of  hollow  stumps  of  SigillaricB  and  in  the  surrounding  beds.  Still 
these  fruits  or  seeds  may  have  belonged  to  very  different  plants ; 
and,  as  an  example  of  the  type  of  structure  most  frequently  associated 
with  Sigillariof,  I  have  prepared  a  short  notice  of  a  species  of  which 
very  well-preserved  specimens  exist  in  my  collection,  and  to  which 
I  have  assigned  the  name  of 

Trigonocarptju  Hookeri.     Figs.  1-^,  page  526. 

Numerous  specimens  of  this  species  occur  in  a  thin  calcareous 
layer  in  the  coal-measures  near  Port  Hood,  Cape  Breton.  They  are 
not  compressed,  and  are  fossilized  by  calc-spar  and  iron-pyrites. 
Their  form  is  ovate, — the  length  being  0*3  inch,  and  the  breadth  0-2 
inch.  The  external  surface  is  rough  and  destitute  of  distinct  mark- 
ings. Internally  they  present  the  following  structures: — 1.  An 
outer  coat  (testa),  which  is  thick,  carbonaceous,  and  apparently  of  a 
dense  cellular  structure.  This  corresponds  to  the  outer  supposed 
"  fleshy  coat "  of  Lindley  and  Hooker ;  but  in  this  species  I  think 
it  must  have  been  firm  and  hard,  like  the  outer  coat  of  the  seeds  of 
pines,  which  it  much  resembles  in  appearance  and  structure.  2.  An 
inner  coat  (tegmen  or  embryo-sac),  which  is  thin  and  marked  on  its 
outer  surface  with  interrupted  ridges,  almost  precisely  in  the  manner 
of  the  corresponding  coat  in  the  seed  of  Hnus  pinea.  This  coat  is 
often  pyritical,  and  in  some  specimens  it  presents  toward  the  smaller 
end  indications  of  three  ridges.  It  corresponds,  no  doubt,  to  the 
outer  coat  of  the  ordinary  Trigonocarpa,  3,  A  nucleus  occupying 
the  whole  interior  of  the  last-mentioned  coat,  and  exhibiting  at  the 
smaller  end  certain  wrinkles  and  a  projecting  tubercle,  marking  the 
position  of  the  embryo  and  micropyle.  When  the  seed  is  sHced 
longitudinally,  the  nucleus  is  seen  to  present  an  outer  thick  layer  of 
calc-spar,  stained  by  vegetable  matter,  and  an  inner  mass  which  is 
colourless.  In  the  smaller  end,  toward  the  micropyle,  the  remains 
of  the  embryo  and  its  suspensor  are  seen  replaced  by  iron-pyrites, 
in  the  manner  represented  in  fig.  3.  In  some  specimens  the  outer 
coat  appears  as  il  divided  into  two  layers,  and  the  nucleus  has 
shrunk  inward  from  the  inner  coat,  presenting  two  additional  sur- 
fiEUies,  which  may  represent  original  lines  of  structure,  but  are,  per- 
hapSy  results  of  decay.  A  very  similar  species,  which  occurs  in  vast 
abundance  in  the  interior  of  an  erect  SigiSaria  at  the  Jo^n^ins,  has  the 
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Figs.  1  to  6. — ^Trigonocorpum  Hookcri,  Dawson,  from  the  Coal- 
measurts  of  Cape  Breton. 


Fig.  1. 


Fig.  2. 


Fig.  3. 


Fig.  5. 


Fig.  1.  Perfect  Bpecimen,  natural  size. 

Fig.  2.  Specimen  deprived  of  its  outer  coating. 

Fig.  3.  Broken  specimen  magnified. 

Fig.  4.  Section  magnified  :  rr,  the  testa ;  6,  the  tegmen ;  c,  the  nudeoi ;  and  i^ 

the  embryo. 
Fig.  5.  Portion  of  the  surface  of  the  inner  coat  more  highly  magnified. 

outer  coating  very  dense  and  coaly,  and  with  a  tnmsvene  fibroot 
structure.  In  some  specimens  it  shows  a  projecting  ridge  on  each  side, 
and  longitudinal  striae,  which  might  entitle  it  to  be  placed  in  the  genus 
Bhahdocarpus ;  but  no  coal-foesils  are  more  deoeptiye  than  these  or- 
politos,  wMch,  wlien  flattened  or  deprived  of  their  outer  ooats,  pre- 
sent appeai-onccs  very  dissimilar  from  those  of  the  perfect  condition. 
I  am  by  no  means  certain  that  this  note  adds  much  to  the  know- 
ledge already  possessed  of  the  structure  of  Trigimoearpum ;  hut  it  af- 
fords an  additional  example,  and  this  of  a  species  similar  to  tboM 
most  frequently  associated  with  remains  of  Sigillariw, 
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4,  On  a  Beconstructed  Bed  on  Oie  top  of  the  Chalk  and  underlying 
the  Woolwich  and  Beading  Beds.  By  William  Whitaker,  B.A., 
F.G.S.,  of  the  Geological  Survey  of  Great  Britain. 

In  a  memoir  illustrating  Sheet  13  of  the  Map  of  the  Geolc^cal 
Survey  of  Great  Britain  (p.  21),  I  have  noticed  the  fact  that  "at 
Maideohatch  Farm,  between  Bradfield  and  Pangbourn"  (over  six 
miles  west  of  Beading),  "there  is  a  chalk-pit  showing  above  20 
feet  of  rubbly  chalk,  with  scattered  blocks  of  chalk  and  iiTCgular 
lines  of  flint,  overlying  ordinary  chalk.  A  similar  bed  of  apparently 
reconstructed  chalk  may  be  seen  in  a  pit  to  the  south  of  Tilehurst " 
(over  two  miles  a  little  south  of  west  of  Beading),  "where  it  ia 
capped  by  the  bottom-bed  of  the  Beading  Beds,  so  that  the  recon- 
struction must  have  taken  place  before  the  deposition  of  the  latter 
formation." 

I  have  since  seen  a  like  bed,  a  short  distance  below  the  point 
where  the  Chalk  is  capped  by  the  Tertiary  beds,  in  a  pit  by  Batten's 
Bam,  a  mile  north  of  Biimham,  near  Maidenhead.  There  was  here 
"about  18  feet  of  reconstructed  chalk,  with  scattered  flints  and 
blocks  of  chalk,  and  a  line  of  flints  near  the  middle.  There  were 
some  pipes  of  the  drift-clay  with  flints,  so  common  in  chalk-countries^ 
in  the  top  of  this  bed  *."  This  section  and  the  one  near  Tilehurst 
are  clearly  at  the  very  top  of  the  Chalk ;  but  the  one  at  Maidenhatch 
Farm  is  on  the  flank  of  a  valley  cut  through  that  rock. 

In  the  neighbourhood  of  the  Bedwins  (in  Wiltshire),  near  Marl- 
borough Forest  (in  Sheet  14  of  the  Map  of  the  Geological  Survey 
of  Great  Britain),  there  may  be  seen  in  many  places,  close  by  the 
junction  of  the  Tertiary  beds  (of  which  there  are  outhers  in  that 
part)  and  the  Chalk,  a  bed  which  seems  to  be  made  of  reconstructed 
chalk,  and  consists  of  pale-bluish  and  almost  white  clay,  very  chalky, 
and  containing  small  pieces  of  chalk,  overlain  by  a  confused  mass  of 
pieces  of  hardened  (?8ilicified)  and  somewhat  flaggy  chalk.  This 
latter  is  locally  known  as  ^^roach^^  (  =  rock);  the  fragments  com- 
posing it  are  as  hard  and  tough  as  most  crystalline  limestones,  and  I 
saw  nothing  at  all  like  them  in  the  chalk  of  the  neighbourhood. 

In  making  some  deep  drains  down  the  hill-slope  on  the  south  of 
Stoke  Farm,  west  of  Great  Bedwin,  this  bed  was  found  just  at  the 
junction  of  the  Chalk  and  the  Woolwich  and  Beading  Beds.  I  was 
too  late,  however,  to  see  whether  it  passed  under  the  latter. 

Just  by  the  brick-yard,  about  three-quarters  of  a  mile  to  the  east 
of  the  same  village,  there  is  much  of  this  "  roach  "  and  the  accom- 
panying chalky  clay,  here  again  close  by  the  junction  of  the  Tertiary 
beds  with  the  Chalk :  "  roach  "  also  occurs  in  the  fields  around,  just 
below  the  spots  where  the  former  come  on. 

Now  this  common  occurrence  of  a  reconstructed  bed  dose  by  the 
junction  of  the  two  formations,  and  there  only,  naturally  leads  one 
to  infer  that  it  stretches  beneath  the  later  of  them,  the  Woolwich 
and  Beading  Beds.     That  a  bed  of  a  hke  nature  is  elsewhere  found 

*  From  the  MS.  of  a  memoir  illustrating  Sheet  7  of  the  M^  of  the  Geolo^ 
gioal  Surrey. 
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beneath  that  formation  has  been  before  shown ;  and  thet^  vui 

fore  be  no  reaiioii  why  suck  should  not  also  be  ik&  case  near  Gnat' 

Bed  win. 

It  is  elcar  (even  from  the  aectioii  near  TDehurst  alone)  that,  wlakl 
in  most  pkct.s  tho  Woolwich  and  Beading  Beds  rest  on  an  nndktnrW 
*jiirface  of  the  Chalk  (aa  may  be  w<Al  seen  at  Csiatle  Kiln,  He^swliiig, 
at  the  kiln  nortJi-east  of  Theale*,  and  at  Shaw  Kiln,  Newbury +),  ia 
others  tho  latter  foimation  haa  not  only  been  denuded  (ass  we  kaodH 
it  to  have  been  from  other  reason*),  but  als«  rodepofiited,  iu  a  siaiai^B 
what  confused  stattJ,  before  the  deposition  of  the  former. 

Whether  a  like  bed  occurs  anywhere  benc^tli  the  ThaJiet  69^  i 
know  not.  It  i»  possible  that  the  depoeition  af  the  reooOitllE^ 
bed  neiir  Tilehur^t,  d'C.^  may  hare  gone  on  at  the  aajoe  thut  af  tltit 
of  this  formation  further  to  the  east ;  biath  agree  in  fx^em-ring  betuwa 
the  Chalk  and  the  hot  torn -bed  of  the  Woolwich  and  1^      " 

I  hIiouM  add  thut  the  reconatriiction  above- noted  ib 
a^  thiit,  of  a  later  datCj  by  which  a  gravel-like  maas  of  pWfw 
ehalk  and  ilints  (with  here  and  there  a  Hint-pebble)  hm  hem  fomd 
at  the  lower  parbi  of  some  of  the  krger  obalk- valleys,  at  the  jirac- 
tion  of  tho  Low -level  Gravel  and  the  CTialk;  nor  Sft  it  to  becoa- 
fuujided  with  the  nibbly  or  flaggy  Btructure  tJiat  the  Chalk  oft*.*Q 
nmir  the  >iurfaee^  and  whieh  ia  caused^  I  take  it,  by  atmoiphi 
tti:tion  alone. 


las  of  oM^^^ 


r».  On  £ome  of  flu  HmnEE   Cbubtacea  fr&m   tin    BEinsH  0)U 
iinAacREs,     By  J.  W*  SiJiXBE,  F.G.S.,  of  the  Oeologioal  Su 
of  Great  Britain. 

It  is  almost  as  satisfactory  to  clear  up  the  history  of  a  little-kno'va 
or  doubtful  fossil  as  to  discover  one  perfectly  new.  Id  tb«  priMil 
cajiie  we  have  both  pleasures  combined ;  for  the  new  and  r&j  puM 
Atacrurous  Crustacean  here  for  tlie  first  time  pTen  from  &»  iod* 
mea^i^urcs  illustrates  and  exploiDs  some  published  f ragmen ta,  ^ 
real  nature  of  which  ought  not  to  have  been  so  long  mietimder^looi 
In  Prestwieh^a  great  paper  on  tho  Coalbrook-dale  Coal -field,  mA 
in  I  S3  6^  and  publish  ed^  Bome  time  after,  a  dubious  Cniataceaii  1 
pace,  very  imperfect  in  some  rcapecta,  waa  introduced  in  tha  \ 
plate  §  ^'ith  the  Lim\iU.  It  ie  aaid^  in  the  Explanation  of  tlue  Fkleii 
that  '*  the  only  hving  form  to  which  Dr,  Milue- Edwards  aoutti  itltf 
it  is  the  Ap\is  enncrifot^us  of  the  rivers  of  C'cntral  and  8cmti«ni 
Europe/'  It  was  called  therefore  J/w«  tiuhius,  llio  flgurc  is  mow 
imperfect  than  it  need  to  have  bfien ;  for  the  internal  c^at  of  tha  ow** 
pace  only  ia  figured^  and  Mr.  Frestwich*!*  collectlotl  e<xnta^  tlifttftih^ 
half  of  the  nodule,  a  gutta-percha  cast  from  which  ahowi  ih*  bafi 
external  surface  ;  and  from  this  our  figure  0  is  drawn,  oniy  tb&i 

•  See  G«okigiCAl  Qunriiy  ^reniolr  illuBtrmtiBi^  Fhc«4  I3v  pp.  3$  4  91^. 
t  If/iif.  Shwt  12.    Now  in  the  prx^^ 

*  Tmnwct.  Gwk  Soe.,  2iid  ser.  vd.  f.  iK  %lik 
I  Ojj.  «^pL41.flg,9. 
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way  upwards.    The  serrated  border  and  the  interrupted  central 
ridge  are  very  clearly  shown  in  both  specimens  and  figures. 

Again,  in  a  paper  in  the  Society's  Journal*  "  on  some  Crustaceous 
Bemains  in  Carboniferous  Kocks/'  there  is  a  short  notice  of  some 
specimens  (or,  rather,  good  electrotype  copper  moulds  of  the  speci- 
mens) presented  to  the  Society  by  W.  Ick,  Esq.,  F.G.8.  These  were 
from  the  white-ironstone-measures  of  Bidgeacre  Colliery. 

One  of  those  specimens  was  certainly  anything  but  an  Eryon,  to 
which  Dr.  Ick  at  first  thought  of  referring  it ;  and  better  materials 
have  enabled  Prof.  Huxley  to  describe  it  as  a  Schizopod  or  Stomapod 
Crustacean  of  singular  form,  under  the  name  of  PygocepTialus  Cooperif. 
The  other  was  a  fine  carapace  (fig,  7),  evidently  identical  with  Prest- 
wich's  Apu8  dubius,  and  was  referred  to  by  myself  in  Morris's  *  Cata- 
logue,' ^d  edit.  1854,  as  the  remains  of  a  Macrurous  Crustacean. 
I  had  then  only  just  established  the  identity  of  the  two  fragments. 
A  more  complete  figure  was  afterwards  given  in  Lyell's  '  Manual  of 
Elem.  ecology,'  5th  edit.  1855,  p.  388,  under  the  temporary  name 
Olyphra,  to  which  genus,  however,  it  is  not  very  nearly  allied. 

And  now  we  have  the  entire  form  of  a  kindred  species.  This 
most  precious  fragment  (fig.  1)  was  brought  to  my  notice  by  Dr.  Ran- 
kine,  of  Glasgow.  It  is  in  the  cabinet  of  W.  Grossart,  Esq.,  of  Sals- 
burgh,  by  Holytown,  who  has  liberally  sent  the  rarity  to  London  for 
examination  ;  and  I  learn  from  Dr.  Eankine  that  its  place  is  in  the 
true  coal-measures,  above  the  uppermost  limestones,  and  960  feet 
below  the  "  Ell-coal " — ^in  the  band  of  ironstone  termed  the  "  slaty 
black-band." 

I  will  give  the  characters  of  this  more  perfect  species  first ;  and, 
as  the  genus  is  not  to  be  confounded  with  any  of  the  liassic  or  Oolitic 
ones  published  by  Von  Meyer,  Miinster,  &c.,  I  shall  propose  the 
name  Anthrajpalcemont  for  it.  It  is  broader  than  the  general  form 
of  the  Astaeid<e,  or  than  OlyphoFU  and  its  Liassic  allies,  but  much 
narrower  than  Eryon. 

AsraRAFkUEMOHf,  gen.  nov. 

Carapace  scarcely  so  broad  as  long  (except  when  crushed  flat), 
simple,  flatter  than  semicylindrical,  &e  sides  a  little  arched  out- 
wanis.  A  strong  central  ridge  in  front,  projecting  as  a  thick  (serrate  ?) 
spine,  is  separated  by  a  concave  space,  or  slight  furrow,  from  a  posterior 
central  ridge  which  only  occupies  (in  the  type-species,  A.  Orossarti) 
a  small  portion  of  the  length.  Front  margin  serrate.  The  outer 
antennas  have  wide,  square  basal  joints,  apparently  without  any 
advantage ;  the  2nd  and  drd  joints  not  much  oblique ;  the  rest  about 
as  broad  as  long.  Abdomen  as  broad  as  long,  of  six  joints  (besides 
the  telson),  broad  and  very  short ;  the  pleurse,  except  the  2nd,  pointed. 
Telson  very  broad ;  appendages  to  the  penultimate  joint  double  on 
each  side,  subtrigonal,  broad. 

•  VoL  i.  p.  199, 1844. 

t  Quart.  Journ.  QeoL  Soc.  voL  xiii.  p.  336,  pL  13. 

I  Firom  dvBpaK,  ooal,  and  palanwn,  a  prawn.  The  name  has  only  a  genanal 
■ignifioation,  and  is  not  intended  to  indicate  a  real  relation  to  PaUsmon. 
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Sttbgenits  Palroocarabus.     Type — Anthrapdlctmon  dubhis,  Pi«stw. 

Carapace  rectangular-oblong,  serrate  in  front  and  along  the  sides, 
with  a  faint  cervical  furrow  at  the  anterior  third.  Rostrum  strong, 
projecting ;  posterior  ridge  prominent,  complete  to  the  hinder  margin, 
separated  abruptly  from  the  rostrum  by  the  transverse  furrow. 

I  have  purposely  restricted  the  characters  of  Anthrapal^mion 
proper,  because  I  think  that  the  A.  dubtM  may  very  probably  turn 
out  to  be  a  distinct  generic  form. 

1.  AxTHEAPAL^MON  Grossabti,  spec.  uov.  Figs.  1-4. 

A.  biundalift,  cephalothoraoe  quadrato  simplid  neque  tuberculit  nee  spinis  hte- 
ralibufl  omato ;  rostro  valido  serrate,  |  unciae  e^  ultra  k  margine  projecU) ; 
sulco  cerricaM  obacuro  ;  carinA  posticil  breriasimA  inoompleta ;  abdomine 
(telBone  lato  trigono  inclose)  cephalotliorace  breviore. 

Length,  including  the  rostnim,  2  inches  1  line.  Length  of  the 
squarish  carapace,  without  the  rostrum  (which  projects  5  lines  in 
front),  full  f  of  an  inch.  Width  of  the  carapace,  when  crashed, 
exactly  1  inch  ;  it  was  certainly  not  wider  than  long.  It  is  onlj 
serrate  near  the  front ;  and  at  the  anterior  angles  a  strong  spine 
occurs.  Body-rings  6  besides  the  telson,  very  short  and  very  broad,— 
the  length  of  the  6  rings  being  barely  equsd  to  the  breadth  of  the 
abdomen,  and  even  much  less  in  the  crushed  fossil.  The  front  ring. 
as  usual,  with  abbreviated  pleursB ;  the  second  broadest  (as  in  the 
Lobster)  ;  the  drd,  4th,  and  5th  narrower  and  pointed ;  the  fulcrum 
not  very  conspicuous ;  the  articular  area  well  marked  out  by  a  trans- 
verse ridge. 

Telson  almost  an  equilateral  triangle,  broader  above  than  its 
length  (the  point  is  broken  off,  but  was  probably  obtuse).  Giudal 
appendages  two  on  each  side,  with  thickened  outer  margins,  tiigonal : 
the  shape,  however,  is  not  complete :  when  spread  out,  as  in  the 
fossil,  they  extend  beyond  the  width  of  the  abdomen. 

The  entire  surface  of  the  carapace  and  body-rings  is  covered  hy 
minute  depressions,  like  those  on  the  posterior  half  of  the  Lobster's 
carapace.  The  serrations  on  the  rostrum  are  minute ;  those  towards 
the  anterior  angles  of  the  carapace  are  also  minute,  except  the  large 
spines  at  the  anterior  angles. 

Locality.  Goodhock  Hill,  parish  of  Shotts,  Lanarkshire :  fi!t>m  the 
"  slaty  band"  of  the  black-band-ironstone,  associated  with  Lingul(t, 
Conularia,  and  Fish.     Collection  of  W.  Grossart,  Esq. 

2.  Anthrapalauok.     8p.,  fig.  5. 

Fig.  5  represents  in  outline  a  pencil-sketch  supplied  to  me  br 
Professor  M'Coy,  seven  years  back,  when  I  first  mentioned  to  him  of 
the  existence  of  this  tnie  Macrurous  shield  in  the  ooal-measnret. 
He  told  me  then  that  he  had  no  intention  of  publishing  his  sketches. 
I  am  not  sure  from  what  particular  bed  his  fossil  came,  and  shall  be 
glad  of  information :  it  was  from  the  Glasgow  coal-field.  From  the 
rough  sketch,  it  must  belong  to  a  much  more  elongate  speous  than 
A.  Oroaarti  {'*  5  inches  long/'  according  to  M*Coy  in  hia  bttor), 
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figs.  1 — 8.  Macrurous  Orustaesans  from  Ihe  Coed-measures  and 
Carboniferous  Lim^tone. 


1.  Antkri^paUBmon  Grotaarti,  sp.  n.  Nat  siie.  Lanarkshire.  2.  Portion  of  tiie 
CSwapaoe  enlarged.  3.  Part  of  a  Bodj-emnent  enlarged.  4.  Some  of  tiie 
Ouidal  Flape  enlarced.  6.  Outline  rfrom  Prot  McCoy's  skeloh)  of  a  larger 
neoiee  c/tAxthnntMBmon,  Lanarkshire.  6.  ilii/Ar(mMfNo»(Pai!0i00ara^) 
iMm,  Prestwioh,  sp.  Nat  siae.  From  CoaUvook-oale.  7  a.  Another  spe- 
t&nfBa,  from  Bi^geaore  CollierT.    7  h,  Pcortion  cC  ^  CasragMSb  «i^asl^Jefi. 

A  <^  4  ft  J\Umommgont  BociaUB,  IBhlter.    Vvcim¥^ 
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probobly  even  of  a  different  genus  r^it  in  the  ab^noe  of 
it  moy  he  provisionallj  referred  to  Afiihr€tpal(wm'(m  imtlior 
the  next  subgenus,     Tho  carapace  in  Prof.  McCoy's  fignro  tl 

3,  AuTttKAPALJEiiOK  {Pahtoefitabn$)  hvmVB,  Fre9twidu  wp. 

Figs,  G  &  7. 

Apia  dtihiu^  Prcstwicli  (&om  MiiTit^KdwnnlA'H  noU^)  in  Ghot  Tnmi.  Sad  ««r 
vol.  V,  pL  4L  fig.  [>.  1840.  Macrnra,  rotnaini  pf,  SalCer  la  M«fni'i  *Vi^- 
logue;  2) id  edit.  iSO-L  Gh/phtrtf7  duhia,  8*lt*r  m  Lj«lt'«  ^Wmxa^*  ^i 
edit.  p.  388,  1865. 

A.  (PO  biunciaLb  et  ultra ;  oophalathoracv  c»b3o(&go-(]iwdratOf  tabetcdn*  ioeoo^ 
t\hvm  epiniAqiio  itiargiii&libit«  oniAlo ;  rostro  T^tido  («emto  ?)  4  Otfiui  poMtf 
longa  LtnTipletft  omijiiio  eejundo;  )mlcy  eer^ic^li  conipi£eiiO« 

Length  of  carapace »  without  the  mucro,  13  Bncs ;  widtil  U  Gbow 
General  form  of  tho  carapace  (the  only  port,  known)  peotaogtllir^ 
oblong,  the  widea  somewhat  arehed  outward  ;  the  front  tmiuatd,  tt* 
hinder  nmrgiii  concave.  The  rostrum,  pixjjcetingr  nearly  |  an  is  A 
in  front,  is  strong  and  prominent  at  its  base,  but  runs  a  very  skon 
distance  backward,  and  ia  then  abruptly  tc^rminotcd  by  n  wid»  ooo- 
cave  space,  J  of  an  inch  broad ,  across  which  the  cenrieal  tacttfw^ 
margini^d  by  lar«;e  spinous  tubercles,  is  faintly  indicated. 

The  posterior  keel  commences  abruptly,  and  is  contiiiii<ed  aa  an 
equal  and  rather  atrong  ridge  to  Uxe  hinder  margin ;  it  is  |  aa  inch 
long.  The  area  on  which  it  stands  is  flanked  by  two  euh^wriUel 
furrrms  (indiciiting,  1  suppose,  the  cardiac  region) ;  and  Uif^  *iwle 
fturlact;  of  the  shield  is  rugose,  as  compared  with  that  of  A.  Grtmarti. 
Scattered  spiiioua  tubercles  occur  also  over  all  the  t4eviitad  {Kirtionfl. 
They  are  found,  but  of  much  aniallcr  size,  along  tlie  bollaw  •pace  «fl 
each  side,  and  are  absent  on  tho  broad  mai^n,  Thcj  art  taqcoi 
uronnd  the  roatral  portion,  two  of  them  becoming  spints  in  ttaSL 
Tlie  serrations  on  tlie  margin  are  strong  and  equal*  abiut  1 4  on  eadi 
side,^that  at  the  outer  angle  Qot  being  stronger  than  th<j  rr*t  TV 
characters  of  the  surface,  therefore,  diBtingui>ih  tho  seetiem  freia  Uw 
type  of  tho  genus ;  and  the  tw*o  groups  will,  in  all  p»»lial»tl]l^t  ^ 
hereafter  regarded  as  distinct. 

To  complete  tho  account  of  the  ^facniran  remaiiiii  oocunrinir  tn 
Upper  Palicoioic  rocks,  it  is  necessary  to  refer  to  cm©  or  twi>  Olhfif 
fragmenta.  One  which  Professor  M*Cby  formerly  thmig'ht  to  btlonf 
to  tho  OmMaaa^  and  figured  under  the  namo  AMt4$cm  Ph^Upm 
(SjTiopais  Carb.  Fosa.  Ireland,  ph  23.  %*  1).  was  a  rmj  tmperfed 
fragment,  and  has  been  since  rocogniied  by  himself  and  ot£t!ti  •• 
merely  an  imitative  portion  of  a  bracMopod  shell, 

I  am  persuaded  that  I  have  teen  a  woU-marked  portmi  of  m  f«ii- 
paco  in  the  true  Mountain -limestone  of  Pcrbji^ure.  It  wi»  cd- 
leeted  (among  other  treasures)  by  W,  Hopkins,  &i|,,  ^nd  ^ 
exists,  I  hope,  in  the  Woodwardian  Museum,  though  it*  small  me 
may  have  caused  it  to  be  overlooked. 

But  if  theso  be  doubtful  forms,  there  is  on©  (%,  8)  wtiicli«  mm 
that  tho  escistence  of  true  Macntfa,  with  the  ordinary  Qtunbtf'  of 
segments  ^h  known  in  the  coal,  can  acarcelyy  I  Utiuk,  lig ufaBBAlft:  i 
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the  Amphipoda :  I  refer  to  the  Uronectes  {Oampsonyx)  socialis, 
mihi,  published  by  the  Rev.  T.  Brown  in  the  Trans.  Roy.  Soc.  Edin- 
burgh, vol.  xxii.  p.  394. 

The  Uronect£s  (or  Gampsonyx)  of  the  Saarbruck  coal-field  (Palaeon- 
tographica,  vol.  iv.  p.  7,  pi.  1)  is  described  by  Von  Meyer  as  an 
Amphipod  with  characters  of  the  Decapods,  especially  of  the  Macrura 
("  eine  Amphipode  mit  Charakteren  der  Decapoden,  insbesondere  de 
Macrouren").  It  has  14  free  segments.  But  the  species  from  the 
Scottish  Carboniferous  limestone  ( U.  socialis),  figured  by  me  for  Mr. 
Brown's  paper,  has  much  fewer  (only  6  or  7)  definite  body-rings,  like 
those  of  a  Shrimp,  with  telson  and  caudal  flaps,  and,  though  indi- 
stinctly seen,  probably  a  long  carapace.  It  was  an  error  hastily  to 
compare  it  with  Uronectes,  and  I  will  not  commit  another  (until  I  see 
better  specimens)  by  attempting  fully  to  settle  its  position.  Mean- 
time, OS  I  have  since  seen  other  specimens,  I  think  it  will  be  desirable 
to  substitute  the  name  Paheocrangon, 

Paljeocrangon,  gen.  nov. 

Decaj^u  Macrura  (Palmnonida  ?).  A  small  Shrimp-like  cruBtaoean,  with  short, 
pomt^d  carapace,  and  6  or  7  body-rings,  the  front  ones  with  expanded  pleunp. 
Telson  small.    Caudal  appendages  narrow,  obovate.    Feet  —  ?  Antennic  —  ? 

1.  P.  socialis^  Salter,  Trans.  R.  S.  Edin.  xxii.  p.  394.  Carboniferous  Limestone ; 
Fifeshire.    Fig.  8.  * 

2.  P.  sp.    MiUstone-grit;  Yorkshire,  1861.    Undescribed. 

These,  it  will  be  observed,  are  from  the  true  Mountain-limestone 
series  and  Millstone-grit  below  the  Coal. 

Ko  Decapod  has  been  yet  observed  in  the  Lower  Shales  of  the  Car- 
boniferous formation,  where  large  Phyllopoda  (and  Limulus  ?)  occur. 

The  Upper  Devonian  genus  Qitocrangon,  of  Richter,  figured 
by  that  author  in  his  *  Beitrage  Palaont.  Thuringerwaldes,'  pi.  2, 
seems  quite  undeterminable.  It  is,  I  should  think,  even  doubtful, 
judging  by  the  figures,  if  it  be  a  Crustacean  at  all ;  but  the  descrip- 
tion is  by  no  means  obscure,  and  the  carapace,  7-ringed  body,  and 
tail-flaps  could  hardly  have  been  mitftaken  by  so  good  an  observer. 


JxjiTB  19,  1861. 

John  Atkinson,  Esq.,  Memb.  Phil.  Geol.  Soc.  Manchester,  Thelwall 
near  Warrington ;  Major  Nathaniel  Vicary,  Westgate,  Wexford ;  and 
Lord  RollOy  18  Upper  Hyde  Park  Gardens,  were  elected  Fellows. 


The  President  made  a  communication  on  the  part  of  the  Council, 
that  it  is  proposed  to  recommend  to  a  General  Meeting  of  the 
FellowB  in  November  that  the  payments  of  future  Resident  and 
Non-resident  Fellows  be  equalized. 


It  was  proposed,  seconded,  and  carried  unanimously,  that  the 
Best  Thanks  of  the  Society  be  offered  to  the  President  for  the  labour 
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and  attention  bestowed  by  him  on  the  arrangement  of  the  Foragn 
Collections  in  the  Society's  Museum. 


The  following  communications  were  read : — 

1.  On  the  Links  of  Deepest  Wateb  around  the  Bbitish  Isles. 
By  the  Rev.  R.  Evekbst,  F.G.S. 

lAb8tract.'\ 
(The  publication  of  this  Paper  is  deferred.) 

Bt  drawing  on  a  chart  a  line  traversing  the  deepest  soundings 
along  the  English  Channel  and  the  Eastern  Coast  of  England  and 
Scotland,  continuing  it  along  the  100-fathom-line  on  the  Atlantic 
side  of  Scotland  and  Ireland,  and  connecting  with  it  the  line  of 
deepest  soimdings  along  St.  George's  Channel,  an  unequal-sided 
hexagonal  figure  is  described  around  the  British  Isles,  and  a  pen- 
tagonal figure  around  Ireland.  A  hexagonal  polygon  may  be  simikriy 
defined  around  the  Isle  of  Arran.  These  lines  were  described  in 
detail  by  the  author,  who  pointed  out  that  they  limited  areas  similar 
to  the  polygonal  form  that  stony  or  earthy  bodies  take  in  shrinking, 
either  in  the  process  of  cooling  or  in  drying.  The  relations  of  the 
lOO-fathom-lino  to  the  promontories,  the  inlets,  and  general  eontonr 
of  the  coast  were  dwelt  upon ;  and  the  bearings  that  certain  lines 
drawn  across  the  British  Isles  from  the  projecting  angles  of  the 
polygon  appear  to  have  on  the  strike  and  other  conditions  of  the 
strata  were  described. 

After  some  remarks  on  the  probable  effect  that  shrinkage  of  the 
earth's  crust  must  have  on  the  ejection  of  molten  rock,  the  author 
observed  that,  in  his  opinion,  the  action  of  shrinking  is  the  only  one 
we  know  of  that  will  afford  any  solution  of  the  phenomena  treated 
of  in  this  paper,  namely — ^long  lines  of  depression  accompanied  by 
long  lines  of  elevation,  often,  as  in  the  case  of  the  British  Isles, 
Spain  and  Portugal,  and  elsewhere,  belonging  to  parts  of  huge  poly- 
gons broken  up  into  small  ones,  as  if  the  surface  of  the  eturth  had 
once  formed  part  of  a  basaltic  causeway. 


2.  On  the  Old  Bed  SAin)STONE  Books  of  Forfabshibb. 
By  Jamtcs  Powbie,  Esq.,  F.G.S. 

TuE  stratified  rocks  of  Forfarshire,  to  the  south  of  the  Grampian 
range,  belong  entirely  to  the  Old  Bed  Sandstone  division  of  the 
geol(^cal  series.  They  consist  chiefly  of  coarse  grits,  dark-red  and 
grey  sandstones  and  flagstones,  immense  masses  of  conglomcnte, 
with  intercalated  flagstones,  sandstones,  and  shales,  marly  and  azgil- 
laceouB  shales,  and  some  crystalline  limestones  or  eonutoiDss. 
These,  although  in  many  instances  broken  up,  and  often  United  and 
contorted  by  trappean  outbursts,  all  rest  conformably  tlie  one  upon 
the  other.    Thrown  up  against  the  flanks  of  the  Graminaii  lange  at 
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very  high  angles,  and  dipping  towards  the  south-east,  some  very 
fine  sections  are  afforded  hy  the  streams  which,  issuing  from  these 
mountains,  cut  through  the  sandstones,  in  many  instances  in  a  line 
almost  at  right  angles  to  their  strike.  Of  these  the  North  Esk,  the 
West  Water,  the  Noran,  and  the  Isla  may  be  mentioned  as  afford- 
ing peculiar  facilities  for  studying  these  formations.  In  all  places 
I  have  yet  examined  the  Forfarshire  sandstones  are  cut  off  from  the 
schists  and  slaty  beds  of  the  Grampians  by  considerable  outbursts  of 
trap ;  it  is,  however,  pretty  evident  that  the  sandstones  overlie 
these  schists  unconformably.  Although  I  do  not  intend  at  present 
to  go  at  all  into  the  geology  of  tho  Highland  districts  of  Forfarshire, 
I  may  here  state  that  it  seems  to  me  highly  probable  that  these 
schistose  beds  may  be  the  equivalents  of  some  portion  of  the  Lower 
Silurians.  They  apparently,  for  the  most  part,  dip  under  the  moun- 
tains in  a  north-easterly  direction  ;  but  as  this  has  in  all  probability 
been  occasioned  by  these  beds  having  not  only  been  raised  up,  but 
actually  tilted  over,  their  true  dip  would  socm  to  me  to  lie  towards 
the  south-west,  while  the  overlying  sandstones  dip  towards  the 
south-east.  In  no  instance  have  any  organic  remains  been  yet 
found  in  any  of  these  more  northern  beds. 

The  geology  of  the  Lowlands  of  Forfarshire  is  upon  the  whole 
exceedingly  simple.  It  will  be  observed  from  the  annexed  section 
that  a  synclinal  line  occurs  at  no  very  great  distance  from  the 
Grampians.  This  traverses  the  county  in  a  line  nearly  parallel  to 
these  mountains.  The  section  also  shows  an  anticline  existing 
about  half-way  between  the  synclino  and  tho  sea.  This  also  runs 
nearly  parallel  to  the  Grampian  range :  entering  Forfarshire  from 
the  German  Ocean  near  to  Montrose,  it  proceeds  in  an  almost 
straight  line  through  Kossie  Moor,  passes  along  near  to  the  villages 
of  Shaven  and  Letham,  crosses  the  south-east  flank  of  the 
Sidlaws ;  thence  it  continues  onwards  a  little  to  the  south  of  Tealing 
and  Baldovan  House ;  west  of  Dundee  Law,  however,  it  bends  off 
towards  the  north-west,  and  passes  in  that  direction  into  Perthshire. 
Keeping  these  lines  ^ways  in  view,  and  also  recollecting  that 
several  great  faults  occur  immediately  to  the  north  of  the  anticline, 
all  difficulties  in  the  geology  of  the  Forfarshire  sandstones  are  readily 
surmounted. 

It  may  be  observed  that  the  section  here  given  is  little  else  than 
a  copy  of  that  in  Sir  Charles  Lyell's  < Manual  of  Geology*;'  they 
only  differ,  I  may  say,  in  one  particular.  Sir  Charles's  section  show- 
ing an  overlying  unconformable  red  sandstone,  as  found  at  Whiteness 
near  Arbroath.  On  examining  the  rocks  at  this  place,  this  is  found 
to  be  undoubtedly  the  case.  However,  this  overlying  formation  is 
not  found  on  that  part  of  the  coast  where  my  section  terminates  t. 
At  Whiteness  the  rocks  consist  of  a  coarse  red  sandstone  with  many 

*  4th  edit  p.  48 ;  and  see  alBO  Sir  B.  Murchison's  *  Siluria,'  2nd  edit  p.  276. 

t  This  paragraph  has  been  re-written  since  the  paper  was  read,  and  the  opinion 
then  statea  (and  published  in  the  abstract  of  the  paper),  to  the  effect  tliat  the 
nnooaformitv  shown  at  Whiteness  in  Sir  0.  Lyell's  section  did  not  really  exists 
ia  BOW  abandonad  bj  the  author.— Ed. 
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imbedded  pebbles,  &c.,  evidently  forming  part  of  the  upper  portion 
of  the  great  conglomerate  of  Eoif  arshire,  and  having  a  clearly  defined 
dip  of  from  25°  to  30°  almost  due  south-east ;  but  here,  and  also 
in  a  small  bay  a  little  to  the  north-east,  there  is  an  upper  conglo- 
merate overlying  these  sandstones  in  a  nearly  horizontal  position. 
This  conglomerate  seems  to  be  formed  entirely  of  disintegrated  por- 
tions of  the  lower  rock,  from  which  most  of  the  finer  particles  have 
been  washed  away ;  it  consists  of  water- worn  pebbles  in  a  siliceous 
matrix,  with  intercalated  layers  of  coarse  red  and  whitish  sandstones, 
having  all  through,  and  especially  in  some  of  these  intercalated 
layers,  angular  fragments  of  sandstones,  occasionally  of  large  size, 
with  imbedded  pebbles  quite  similar  to  portions  of  the  lower  rock.  In 
the  absence  of  fossils  it  may  be  quite  impossible  to  fix  the  true  age  of 
this  formation.  Can  it  form  part  of  the  upper  beds  of  the  Old  Red  ? 
This  want  of  conformity  has  been  observed  in  the  Old  Red  Sand- 
stone of  other  districts,  and  might  fully  account  for  the  absence  of 
any  equivalents  of  the  Caithness-shire  fossiliferous  beds.  On  the 
other  hand,  I  have  never  observed  any  want  of  conformity  betwixt 
the  lower  Forfarshire  rocks  and  the  upper  Holoptychius  beds,  or 
betwixt  these  and  the  white  Carboniferous  sandstones  of  Fife ;  the 
junctions  of  these  formations  are,  however,  very  obscure.  My 
section  is  so  far  ideal,  as  I  have  introduced  all  the  principal  forma- 
tions of  Forfarshire,  assigning  to  each,  so  far  as  in  my  power,  its 
proper  relative  position ;  however,  in  no  section  of  the  county  that  I 
know  are  all  these  to  be  found.  The  great  features  are,  however, 
pretty  correctly  taken  from  a  line  leading  from  the  Grampians  north 
of  Feam  Church,  at  nearly  right  angles  to  the  strike  of  these  rocks, 
on  to  St.  Andrew's  Bay,  a  little  to  the  east  of  the  village  of  Car- 
noustie. 

Commencing  with  the  lowermost  of  the  Forfarshire  formations, 
we  find  a  very  considerable  thickness  of  dark-red  gritty  beds,  having 
very  dose  to  their  base  an  intercalated  bed  of  concretionary  lime- 
stone or  oomstone.  Nowhere  along  the  hills  in  Forfarshire  is  this 
bed  exhibited ;  in  Kincardineshire,  however,  it  occupies  a  moderately 
prominent  position,  having  been  wrought  to  some  extent  at  the 
Clattering  Brig,  at  the  south  base  of  the  Cairn  o'  Mount  in  the 
ravine  a  little  to  the  east,  called  the  Slack  of  the  Bimie,  and  in 
other  places.  This  same  limestone  has  also  been  wrought  where 
these  formations  have  been  again  thrown  up  north  of  the  anticline, 
at  Millton  of  Mathers,  and  near  the  Dubton  Station  of  the  Scottish 
North-eastern  Railway  (both  places  in  Kincardineshire),  and  at  Bud- 
donness,  south  of  the  anticline  in  Forfarshire.  It  is  also  found  near 
Newburgh  in  Fifeshire,  occupying  the  same  relative  position.  Some 
distance  above  this  limestone  dark-red  and  rather  indurated  flag- 
stones are  also  intercalated  in  these  grits.  These  are  well  seen  in 
a  quarry  on  the  north-west  side  of  the  road  leading  from  the  Clat- 
tering Brig  towards  Feltercaim,  also  in  the  bed  of  the  West  Water, 
underlying  the  conglomerates  of  Catterthun  Hill ;  they  are  again 
thrown  up  and  exposed  at  the  fishing-village  of  Ferryden.  Prof. 
HarknesB  suggested  to  me  (and  I  think  with  much  probability),  that 
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these  might  be  the  equivalents  in  time  of,  and  here  represent,  the 
tilestoncs  of  the  English  formations.  These  grits  pass  upwards  into 
conglomerates  of  very  great  thickness ;  in  many  localities  their  place 
is  entirely  usurped  by  the  conglomerate.  When  this  is  the  case,  the 
conglomerate  immediately  succeeds  the  trappean  outbursts,  cutting 
off  the  sandstones  from  the  schists ;  and  here  the  matrix  in  which 
the  pebbles  are  imbedded  is  almost  always  highly  indurated,  and 
possesses  an  almost  trappean  aspect.  This  matrix  as  it  rises  softens 
down  until  it  becomes  very  similar  in  composition  and  hardness  to 
the  sandstones  overlying  and  intercalated  with  the  upper  portions 
of  this  conglomerate.  These  conglomerates  are  thrown  up  in  enor- 
mous masses  along  the  flanks  of  the  Grampians,  forming  a  lower 
and  interrupted  range  of  hills,  rising  in  several  instances  to  heights 
of  over  1000  feet  above  the  sea-lcvcl.  At  some  considerable  ele- 
vation above  the  red-coloured  flagstones  or  tilestones  above  men- 
tioned, and  near  to  where  the  indurated  matrix  softens  down, 
are  found  intercalated  (or  rather,  from  their  persistence,  interstm- 
tified)  flaggy  beds,  consisting  of  greyish  thin-bedded  and  other  sand- 
stones, and  greenish-  and  other  coloured  argillaceous  shales.  These, 
although  by  no  means  largely  nor  persistently  developed  to  the 
north  of  the  syncline,  assume,  when  again  elevated  by  the  anticline, 
on  importance  beyond  all  the  other  deposits  of  Forfarshire ;  being 
not  only  largely  wrought  for  economic  purposes,  but  affording  the 
only  prolific  fossiliferous  beds  of  that  county ;  I  will  therefore  again 
revert  to  them.  The  upper  portion  of  the  conglomerate  is  veiy 
persistent  in  character  along  the  Grampians,  extending  in  a  direction 
from  nearly  norlh-east  to  south-west  almost  from  the  German  to 
the  Atlantic  Ocean.  When  the  conglomerate  is  upheaved,  however, 
by  the  anticlinal  outbursts,  this  persistency  ceases.  To  the  north  of 
this  the  conglomerate  is  still  found  in  very  large  masses,  as  in  the 
Garvock  range  of  hills  in  Kincardineshire,  and  in  tlio  hills  of  Fin- 
haven  in  Forfarshire.  To  the  westward,  as  in  the  Sidlaw  Hills, 
the  conglomerate  very  much  thins  out ;  its  place  being  almost  alto- 
gether taken  by  sandstones,  for  the  most  part  thickly  bedded  and 
varying  in  colour  from  bluisli  grey  to  greyish  red.  Still  further  to 
the  west,  however,  we  again  find  the  same  conglomerate  very  laiigely 
developed  in  Perthshire,  as  in  the  Ochil  range  to  the  north  of  the 
Bridge  of  Allan.  Passing  the  anticline,  the  conglomerate  is  again 
seen  in  the  section  afforded  by  the  coast  betwixt  Montrose  and 
Arbroath,  where  it  forms  the  bold  promontory  called  the  Bed  Head, 
from  whence  it  extends  on  to  beyond  the  fishing- village  of  Anch- 
mithie.  All  along  this  line  the  action  of  the  waves  has  cut  it  oat 
into  most  picturesque  gullies,  ravines,  and  caverns.  In  the  inlaiid 
parts  of  Forfarshire,  to  the  south  of  the  anticline,  it  is  only  found 
intercalated,  in  not  very  considerable  quantities,  with  the  red  and 
grey  sandstones,  which  here  seem  in  great  measure  to  have  usniped 
its  place.  In  the  upper  portions  of  the  conglomerate,  intercalated 
beds  of  coarse  red  sandstones  become  more  and  more  abandant, 
until  at  last  this  formation  passes  entirely  into  thick-beddod  sand- 
stones, generally  highly  micaceous,  and  i^ording  an  excellent  and 
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durable  building-stone  of  a  rather  pleasing  red  colour.  Nearly  where 
the  conglomerate  passes  into  this  sandstone  is  found  in  some  places 
north  of  the  anticline  an  intercalated  bed  of  concretionary  lime- 
stone, very  similar  in  character  to  the  already-mentioned  lower  bed. 
This  has  been  wrought,  although  to  no  great  extent,  in  several 
places,  as  at  Trinity  Muir,  near  Brechin,  Strickathrow  Hill,  and 
in  Kincardineshire  in  the  Garvock  range.  A  sandstone  of  a  dull 
deep-red  colour,  soft,  and  weathering  fast  on  exposure  to  atmospheric 
influences,  is  generally  found  overlying  the  above-mentioned  mica- 
ceous sandstone ;  this  being  again  overlain  by  deep-red  and  also 
sometimes  by  whitish  and  greyish  marls  and  shales,  forming  the 
uppermost  of  our  Forfarshire  Old  Red  Sandstones.  These  are  re- 
markable, and  may  be  pretty  readily  distinguished  by  being  very 
fall  of  peculiar  greyish-coloured  round  spots,  varying  in  size  fix)m 
about  one-tenth  of  an  inch  to  over  one  inch  in  diameter.  In  many 
instances  these  are  so  numerous  as  to  give  the  sandstones  quite  a 
mottled  appearance.  These  overlying  sandstones  are,  however,  by 
no  means  very  persistent  either  in  character  or  appearance ;  in  some 
instances  one  or  other  being  absent,  while  in  many  cases  they  seem 
to  pass  into  one  another. 

Until  comparatively  a  recent  period  the  Forfarshire  rocks  were 
considered  as  particularly  destitute  of  fossils,  and  even  yet  the  known 
fbssiliferous  deposits  are  principally,  if  not  altogether,  confined  to 
the  flagstones  and  shales  intercalated  in  the  conglomerate.  In  no 
instance  have  any  of  the  limestones  as  yet  yielded  any  trace 
of  oi^anic  remains ;  and  equally  destitute  of  these  have  all  the  upper 
marls  and  shales  as  yet  proved.  In  giving  a  very  short  notice  of 
such  of  those  deposits  as  have  shown  any  vestiges  of  the  plants  or 
MiimRla  existing  in  times  of  such  remote  antiquity,  it  may  be  well  to 
take  them  in  the  order  of  their  superposition.  Lowermost  we  have 
the  dark-red,  rather  indurated  flagstones;  and  even  in  these  as 
yet  no  recognizable  remains,  either  animal  or  vegetable,  have  been 
found.  Their  beautifully  perfect  ripple-markings,  however,  prove 
that  they  had  been  deposited  in  a  shallow  sea  over  which  the  winds 
blew  and  the  waves  rolled ;  and  being  in  some  instances  completely 
covered  with  trails  of  Crustaceans  and  Annelidcs,  the  existence  of  such 
cannot  be  doubted,  while  deeply  pitted  indentations,  as  of  rain- drops, 
show  that  the  sands  and  muddy  banks  of  these  shores,  when  uncovered 
by  the  tide,  were  not  without  rain.  The  Rev.  Hugh  Mitchell,  whose 
labours  have  added  so  much  to  our  knowledge  of  the  Forfarshire 
organic  remains*,  has  in  his  collection  several  beautifully  character- 
istie  slabs  of  these  flagstones,  dug  by  him  at  Ferryden,  where  they 
have  been  upheaved.  Considerably  above  these  and  intercalated  in 
the  conglomerates  are  found  the  beds  already  mentioned,  from  which 
the  well-known  Arbroath  "pavement"  has  been  so  largely  dug.  These 
are  highly  interesting  to  the  geologist,  as  affording  samples  of  all  the 
organie  remains  that  have  yet  been  found  in  Forfarshire ;  indeed, 
with  the  exception  of  Cephalaspis,  which  has  been  recovered  from 
sandstones  considerably  overlying  them,  none  other  of  the  Forfarshire 
*  See  Above,  p.  145,  Ac. 
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rocks  have  yet  yielded  any  organism,  whether  animal  or  vegetable. 
'Jliesc  beds  conisist  of  thin-bedded  grey  flagstones,  red  and  grey 
sandstones  of  some  thickness,  and  greenish  and  bluish  argillaceoiu 
shales.  In  these  by  far  the  most  abimdant  organism  is  the  Parra  ded- 
jnms  ;  next  plentiful  arc  the  remains,  commonly  broken,  of  segments 
of  the  great  Forfarahire  crastacean,  the  Pterygotus  Anglicus,  llbesc  08 
Wfll  as  the  Purca  arc  found  more  or  less  well  preserved  in  both 
shales  and  sandstones;  with  these  are  associated  the  remains  of  other 
Crimtaceiiy  as  the  Sfi/fonunut  of  Mr.  D.  Page.  Annelid-tracki  and 
burrows  are  also  occasionally  to  be  met  with  in  the  sandstones.  After 
these,  but  much  more  rare,  are  found  portions  of  the  head-plate  of 
Cephahispis ;  anything  approaching  to  complete  specimens  of  this 
ii^h  l)eing  very  seldom  found  in  any  of  the  many  localities  where 
these  flagstones  arc  largely  wrought.  A  peculiarity  regarding  the 
remains  of  Cephahispis  is,  that  they  arc  always  found  in  the  sond- 
stoncH ;  I  have  never  yet  seen  the  smallest  vestige  of  them  in  any 
of  the  shales,  although  full  of  other  remains :  occasionally  a  fish- 
spine  may  also  be  picked  up.  llie  Famell  Beds,  which  have  yielded 
MO  many  interesting  vestiges  of  the  very  remote  period  when  these 
Jiagstones  and  shales  were  dei)osited,  belong  to  this  same  portion  of 
the  Forfarshire  sandstones.  They  were  noticed  several  years  ago  by 
the  llov.  Mr.  Brewster,  of  Famell,  as  likely  to  prove  fossiliforons. 
It  is  to  the  Ilev.  Mr.  Mitchell,  of  Craig,  that  we  are  indebted  for  first 
discovering  the  rmture  of  these  fossils  ;  his  indefatigable  researches 
were  rewarded  by  the  discovery  of  two  small  Ganoid  fishes,  named 
by  Sir  Philip  Egerton  AcanViodes  MUchelU  and  Climatitu  scuiiger; 
also  several  varieties  of  Crustacea.  The  liberality  of  the  Earl  of 
Southesk  has  since  largely  opened  up  this  deposit,  and  aUowcd  its 
treasures  to  be  examined  and  preserved  to  a  great  extent  by  Kr. 
Brewster  and  myself.  My  only  regret  is  that,  from  the  dip  of  strati 
making  the  working  now  not  only  expensive  but  difficult,  and  no 
product  of  economic  value  being  obtained  from  it,  it  must  be  looked 
on  as  all  but  exhausted.  We  have,  however,  already  been  able  to 
add  to  the  above-named  fishes  several  others,  mostly  as  yet  unnamed ; 
amongst  these  is  a  DiphritntJius,  named  by  8ir  Philip  Egeiton  D. 
gmellis ;  also  a  goodly  sized  Placoid,  at  present  being  described  by  this 
distinguished  ichthyologist.  Several  remains  of  PUrygoii  and  other 
Crustacea  have  also  been  found ;  some  of  them  apparently  new.  Mr. 
Walter  McNicol  at  Tealing  has  since  discovered  several  localitios, 
mostly  in  the  Sidlaws,  where  the  same  fishes  are  to  be  found,  although 
not  so  perfectly  preserved.  It  is  worthy  of  remark  that  the  ocmmion 
colour  of  the  shales,  which  alone  are  fitted  for  preserving  such  or- 
ganisms, belonging  to  these  flagstones,  is  of  a  light  greeni^  hue;  in 
those  no  vestige  of  ichthyic  remains  has  yet  been  found.  The  coloar 
of  the  shales  where  Mr.  McNicol  has  found  these  fiahea,  Jbc.,  is  lig^t 
blue ;  while  the  FameU  shales  vary  from  a  fine  cream-oolour  to  a 
dark  grey.  The  vegetable  remains  of  these  beds  are  geneially  voy 
imperfect  and  unreadable.  The  only  instance  in  which  a  plant 
clearly  belonging  to  the  land  has  been  disinterred  oocurxed  about 
twenty  years  ago,  v^Yiqh  n^Vv^I  ^ua  called  by  the  quairymea  a  snull 
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tree  was  dug  out,  and  by  them  cast  aside  as  useless.  On  hearing  of 
this  discovery,  unfortunately  not  until  months  elapsed,  I  could  recover 
only  a  small  portion  of  the  root,  seemingly  of  some  Lepidodendroid. 
This  was  noticed  and  described,  from  data  furnished  by  me,  by  the 
late  Hugh  Miller  at  the  Meeting  of  the  British  Association  held  at 
Glasgow  in  Sept.  1855  (see  his  *  Testimony  of  the  Rocks,'  p.  447). 
Oenerally  these  vegetable  remains  appear  to  have  formed  parts  of 
marine  or  at  least  aquatic  plants.  None  of  the  other  sandstones  inter- 
calated in  the  conglomerate  have  yet  proved  fossiliferous.  The  mica- 
oeous  solid-bedded  sandstone,  however,  into  which  it  has  been  stated 
the  conglomerate  passes,  has  yielded  some  of  our  finest  specimens  of 
Cephalaspis  (no  crustacean  remains  are  found  in  our  rocks  overlying 
the  flagstones).  The  rock  near  Bridge-of- Allan,  whence  I  procured 
the  two  specimens  of  Fteraspis  now  in  Professor  Huxley's  hands, 
occupies  identically  the  same  position  as  this  sandstone,  and  although 
lighter  coloured,  its  lithological  character  in  other  respects  is  quite 
similar ;  and  although  no  specimens  of  this  fish  have  yet  been  saved 
firom  the  rocks  in  Forfarshire  (these  specimens  being  the  only  ones 
yet  recognized  in  Scotland),  yet  I  have  little  doubt  that  it  is  not 
altogether  wanting  there.  Indeed  I  suspect  that  some  specimens  from 
this  same  sandstone,  which,  I  must  confess,  I  years  ago  cast  aside  as 
mere  worthless  fragments  of  CepJialaspis,  were  in  reality  portions  of 
the  head-plates  of  Pteraspis, 

Prom  none  of  the  other  and  upper  beds  of  Forfarshire  have  any 
fossils  of  any  kind  ever  yet  been  obtained ;  their  quality  rendering 
them  imflt  for  building,  and  generally  being  covered  by  the  rich  clays 
ctf  the  y alley  of  Strathmoro  and  its  continuation,  the  opportunities  for 
studying  their  nature  are  not  so  frequent.  Whether  they  are  the 
equivalents  of  the  red  Holoptychian  beds  of  the  Carso  of  Gowrie 
(Clashbinnie,  &c.)  is  yet  to  be  determined.  One  thing  is  deserving 
notice — ^namely,  that  they  are,  equally  with  the  Carse  of  Gowrie,  red 
sandstones  much  mottled  with  circular  spots  of  a  greyish  colour. 
Although  I  have  examined  hundreds  of  these  spots  in  the  Forfarshire 
sandstones,  in^no  instance,  however,  have  I  detected  anything  organic 
in  them ;  while  Dr.  Anderson,  of  Newburgh,  states*  "  that  portions 
of  scales  and  minute  bones  have  been  detected  in  the  centre  of  the 
spots  "  from  sandstones  belonging  to  the  Carse  of  Gowrie. 

It  is  now  allowed  that  the  lowermost  of  our  Forfarshire  sandstones 
belong  to  the  lowest  of  the  Old  Red  formations,  thus  imderlying  the 
Caithness  beds,&c.;  their  -peculiar  Crustacea  as  well  as  theCephalaspid 
remains  evidently  closely  uniting  them  to  the  Upper  Silurians ;  while 
at  the  same  time  the  Ganoid  fishes,  belonging  in  some  cases  to  the 
same  genera,  and  in  other  respects  much  resembling  those  of  the 
more  northern  rocks,  indicate  also  a  near  alliance  with  these  forma- 
tions. Again,  our  upper  beds ,  if  not  identical  with ,  evidently  as  nearly 
approximate  to,  the  Holoptychian  sandstones  of  Clashbinnie,  &c.  No 
want  of  conformity  in  our  Forfarshire  rocks  shows  any  break  in  the 
oontinnity  of  these  deposits ;  yet  nowhere  have  I  detected  what  could 
be  considered  the  equivalents  of  the  Caithness  beds.  Does  this  in* 
*  *DuraDMi,'p.  26. 
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dicate  the  probability  of  an  immensely  lengthened  period  during 
which  there  was  gradual  sinking,  followed  by  as  gradual  an  uprising  d 
the  sea-bottom,  unaceompani(Ki  by  any  of  those  vicdent  volcanic 
eruptions  so  common  during  the  Carboniferous  era  ?  Several  reasons, 
in  my  opinion,  concur  in  rendering  this  by  no  means  improbable. 
That  these  deposits  were  accumulated  during  a  period  of  oomparative 
quiescence  is  shown  by  the  entire  absence  of  intercalated  traps  or 
other  igneous  rocks.  The  Forfarshire  sandstones  are  very  fre- 
quently foimd  disrupted,  they  are  often  overlain  by  large  flows  d 
igneous  matter,  intruded  traps  are  found  all  over  the  county ;  but  in 
no  place  have  I  ever  yet  seen  these  traps  again  overlain  by  the  sand* 
stones,  thus  evidently  proving  the  trap-rocks  to.  belong  to  a  later 
geological  epoch.  A  gradual  submergence  is,  I  think,  equally  cleariy 
indicated  during  the  period  while  the  lowermost  rocks  were  being 
laid  down ;  the  very  undermost  of  our  fossiliferous  beds  with  their 
beautif^y  preserved  ripple-markings,  Crustacean  trails,  and  even 
rain-prints,  evidently  point  to  a  sea-beach  left  frequently  dry  by  tha 
ebbing  tides.  Above  these  the  shales,  mixed  up  with  the  sandstonei 
fuU  of  Vegetable  and  Crustacean  remains,  still  indicate  ebb-waten; 
but  now  the  ripple-markings,  although  yet  to  be  seen,  are  much  leu 
distinct,  Crustacean  or  other  tracks  become  exceedingly  rare,  and 
rain-imprints  c^ase  tobe  recognized ;  tho  CephalaspiSy  a  fish  evidently 
having  a  wide  range  in  time  and  space,  is  found,  all  showing  a 
sinking  of  the  sea-bottom.  Still  rising  in  the  series,  we  find  that  the 
sea  has  further  deepened ;  the  conglomerates,  only  formed  near  a 
shore,  cease,  and  sandstones,  having  no  organic  remains  ezoept  an 
occasional  Cephalaspis  or  PUraspiSy  take  their  place ;  still  the  laa 
deepens  and  the  land  recedes  untu  almost  no  deposit,  and  what  thara 
is  iMuren  of  organic  remains,  takes  place.  A  long  period  intervenai 
during  which  the  Caithness  beds  form  the  bottom  of  shallower,  of 
at  least  much  more  life-sustaining  waters.  At  last  thia  depresiifla 
comes  to  a  dose,  and  as  gradual  an  upward  movement  takes  plaoa; 
and  again  sediments  are  accumulated,  now  entombing  a  new  cJaai  of 
animds,  the  Holoptychius  and  his  allies  taking  the  place  of  (kfiim* 
laspis  and  the  Crustacea  of  the  more  ancient  ocean.  This  upheaval 
continues,  violent  volcanic  commotions  take  place,  and  Forfiarshira 
from  being  a  sea-bottom  becomes  high  land,  while  in  the  lowor 
districts  the  coal-measures  are  being  accumulated. 


8.  On  ihe  Ludlow  Bokb-Bed  and  its  CuxmACtAX  BstCAion. 

By  J.  Hablet,  M.B.  Lond. 

[Communicated  by  Frot  Huxlit,  Sea  0.&,  4o.] 

[Plate  XVII.] 

It  is  well-known  to  geologists,  that  between  thcBe.twogiMtiiyilcai 
of  rodka  the  SVlxmaxi  wad  Old  B.ed  Sandstone,  there  Qoomi  ffauM^ 
mediate  aeiiea  oi  T(^\iN^^  vm^  ^^^^Toaak^-^liifih,  as  it  putabs 
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of  the  litliological  and  palsBontological  charaoteri  of  both  systemi, 
ha«  been  well  called  "  Transition-beds." 

Tramition-heds  with  contained  Bone-heds, — ^That  part  of  these 
beds  which  immediately  overlies  the  Upper  Ludlow  Bock  is  com- 
posed of  soft  argillaceous  shales;  and  that  which  immediately  under- 
lies the  Old  Red,  of  a  soft,  yellow,  fine-grained  sandstone— the  Down- 
ton  Sandstone. 

Just  below  the  Downton  Sandstone,  and  therefore  in  the  lowest 
partof  these  transition-strata,  appears  that  remarkable  animal-deposit 
called  the  "Ludlow  Bone-bed";  and  just  above  the  Downton  Sand- 
stone, standing  indeed  within  the  threshold  of  the  Old  Bed,  another 
animal-deposit  occurs,  rarely,  however,  as  an  isolated  conglomeration 
of  organic  remains  as  in  the  bone-bed,  but  most  commonly  having 
these  more  or  less  freely  diffused  throughout  argillaceous  and  are- 
naceous strata,  or  a  gritty  calcareous  conglomerate  which  often  be- 
comes a  compact  bluish  limestone.  Thus,  to  speak  generally^  we  hav* 
a  lower  bone-bed  more  appertaining  to  the  Silurian  system- than  to 
the  Old  Bed ;  and  an  upper,  more  diffuse  one,  much  more  doseW 
associated  with  the  Old  Bed  than  with  the  Silurian  Bocks.  Both 
have  their  t3rpes  at  Ludlow, — the  former  in  Ludford  Lane  and  the 
north-eastern  slopes  of  Whitdiffe ;  the  latter  in  the  strata  exposed 
on  the  south  bank  of  the  Teme,  opposite  to  the  Gas-works  and  Paper- 
mill. 

Jjudhw  Bom-hed, — It  is  to  the  older  and  lower,  or  Bone-bed 
proper,  that  I  would  draw  attention,  premising  a  few  general  remarks. 
The  Ludlow  Bone-bed  was  at  first  considered  to  be  a  local  deposit; 
but  later  researches  have  shown  that  it  extends  interruptedly  oveir 
an  area  of  forty  or  fifty  miles*,  a  fact  which  renders  probable  that  it 
wiU  be  found  to  have  a  still  more  general  distribution.  As  itoooun 
at  Ludlow  and  in  its  neighbourhood  it  forms  a  thin  seam,  varying  in 
thickness  from  half  a  foot  to  the  eighth  of  an  inch,  or  rather  to 
nothing ;  for  it  gradually  thins  away,  and  here  and  there  disappeaxB 
altogeti^er,  and  we  consequently  fail  to  trace  it  for  a  distance.  In- 
terruptions which  thus  occur  locally  and  on  a  small  scale  may  pro- 
bably occur  on  a  large  one  throughout  these  early  rocks,  and  so  ac- 
count for  the  absence  of  the  bone-bed  in  wide  geological  areas. 
Whenever  it  does  occur,  it  becomes  an  infallible  guide  to  the  geologist. 

Sir  B.  Murchison  has  described  the  bone-bed  as  being  composed 
of  ^'a  matted  mass  of  bony  fragments,  some  of  which  are  of  a 
mahogany  hue,  but  others  of  so  brilliant  a  black,  that,  when  first 
discovered,  they  conveyed  the  impression  that  the  bed  was  a  heap  of 
broken  hectics  "  ('  Siluria,'  second  edit.  p.  148).  The  bed  is  often 
very  compact  and  of  a  lighter  colour,  and  closely  resembles  the  cake 
from  which  linseed-oil  has  been  expressed. 

All  that  we  know  of  the  constituents  of  this  remarkable  deposit  is 
contained  in  about  two  pages  of  the  text  and  an  illustrative  plate  of  the 
*  Silurian  System.'  There  we  learn  that,  with  the  addition  of  a  few 
moUiiacan  sheUsty  it  is  composed  of  the  remains  of  SeUrodus,  Ple^ 

♦  •  fifluria,'  and  Quart  Joum.  Qeol.  See.  vol.  ix.  p.  11. 
t  The  zemaiDB  of  Molluflcs  oocurring  in  this  bone-bed  belong  to  JHscina 
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troduSf  and  Thelodtis,  which  are  stated  to  be  fishes*.  Length  of 
time  has  rendered  us  familiar  with  these  namcsybut  has  failed,  except 
perhaps  with  regard  to  one  of  them,  to  extend  our  very  imperfect 
knowledge  of  the  animals  which  they  serve  to  designate.  And  this 
is  not  to  bo  wondered  at ;  for  the  remains  are  so  Torv  fragmentary, 
brittle,  and  coherent,  that  the  utmost  patience  and  no  litUo  labour 
are  required  to  enable  one  to  succeed  in  obtaining  any  definite  results. 
Difficulties,  howeyer,  do  but  enhance  the  interest  which  naturally 
attaches  itself  to  this  deposit ;  for,  wheneyer  imd  wherever  animal 
life  may  have  been  first  endowed  with  forms  which  characterize  that 
highest  type  of  it  called  vertebrate,  it  is  in  this  bone-bed  that  we 
find  the  first  assurances  of  the  varied  existence  of  this  type.  I  say 
'*  varied;"  for  the  Ludlow  rocks  have  furnished  a  single  species  of 
Pteraspi^y  which  seems  to  have  appeared  in  almost  soUtary  dignity 
to  proclaim  tho  dawn  of  a  higher  existence  to  a  world  of  Crustaceans 
and  Molluscs.  To  ascertain  in  what  forms  this  higher  existence, 
as  we  find  it  in  the  bone-bed,  begun — whether  it  was  some  creation 
distinct  from  both  that  which  preceded  and 'that  which  succeeded  it, 
or  whether  it  is  one  of  the  necessary  connecting  links  in  a  progresdve 
development  of  life  which  runs  uninterruptedly  throughout  the  older 
rocks,  are  the  inducements  to  the  careful  study  of  this  complex  mass. 
In  examining  this  deposit,  however,  there  are  other  and  more  pre- 
liminary questions  which  require  to  be  answered  first ;  and  it  is  tlu 
solution  of  ono  of  these  which  is  tho  chief  object  of  this  paper. 

Cnistacean  life  in  the  Silurian  age, — ^The  Silurian  was  essentiallj 
a  Crustacean  age,  and  one  that  maintained  its  full  vigour  thronghoot 
the  transition-strata  to  which  I  have  referred.  My  first  endeavoor, 
therefore,  was  to  ascertain  whether  the  bone-bed  contains  Crustacean 
remains.  I  find  that  it  does,  and  in  no  inconsiderable  quantity ;  and 
I  now  proceed  to  lay  the  evidences  before  you. 

Crustacean  remains  in  the  Ludlow  Bone-bed, — On  making  diligent 
examination  of  the  broken  and  washed  deposit,  with  the  aid  of  a 
pocket-lens,  I  find  a  number  of  minute  bodies  of  various  but  often 
related  forms,  which,  for  convenience  of  general  description,  I  will 
divide  into  three  classes. 

1.  Of  the  bodies  which  I  have  placed  in  the  first  class,  some  re- 
semble the  minute  conical  teeth  of  osseous  fishes,  others  appear  to  l)e 
made  up  of  two,  or  occasionally  of  three  such  teeth  (figs.  1-4). 
Karely,  one  meets  with  what  at  first  sight  appears  to  be  a  voy 
minute  jaw  set  with  a  row  of  conical  teeth  (fig.  15),  and  more  rardy 
atill,  with  microscopic  curved  fangs  or  spines  (fig.  16). 


ruffota,  Lingula  cornea^  Orthis  lunaia,  BhynckoneUa  naoieula,  and  • 
minable  genora. 
*  I  hare  submitted  all  the  remains  which  are  thus  designated  to  earelbl  i 

soopical  examination,  and  find  that  they  possess  a  tme  bonyor  dentmal  stnu. 

While  I  thus  disprove  Prof.  McCoy's  supposition  that  Pleetrodm  and  SckroiKt 
are  Crustacean  fragments  (Quart  Joum.  Qeol  Soc.  voL  ix.  p.  14^  I  9grmwlk 
him  that  the  parts  figured  in  the  'Silurian  System'  under  theM  naiiMe  eviMl  bi 
teeth  or  jaws;  tkej  are,  I  believe,  the  poiterior  spines  of  tlM  oepUie  nlali  d 
mme  CepludaspVdiMii!^. 
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These  last  two  varieties  are  very  interesting  as  being  in  external 
form,  and,  as  I  will  show,  in  aU  other  respects,  identical  with  Pan- 
der's "  Ck)nodonts." 

In  an  elaborate  monograph  on  the  fossil  fish  of  the  Silurian  system 
of  the  northern  part  of  Kussia,  Dr.  Pander  has  described  a  host  of 
tooth-like  bodies  which  he  has  assumed  to  be  the  teeth  of  Fishes, 
and  to  which  collectively  he  has  given  the  term  "  Conodonts,"  and 
sabdivided  them  into  13  genera,  comprising  56  species.  They  are 
of  two  kinds,  simple  and  compound.  The  simple  resemble  minute 
spines  about  a  line  in  length ;  imder  a  magnifying  power  many  of 
them  look  like  the  stout  curved  thorns  of  a  rose-stem ;  they  are  plane^ 
or  fuiTOwed  longitudinally,  more  or  less  compressed  and  hollow  at 
the  base,  which  is  expanded  with  an  everted  margin.  The  com- 
pound ones  are  larger,  and  resemble  small  jaws,  each  beset  with  a 
row  of  conical  teeth,  which  may  be  equal  or  unequal,  the  row  being 
often  terminated  and  sometimes  interrupted  by  larger  fang-like  ele- 
▼ations.  These  Conodopts  were  at  first  stated  to  be  composed  of  pure 
carbonate  of  lime  ;  but  on  re- examination,  they  were  found  to  con- 
tain phosphate  of  lime  also,  which  strengthened  Dr.  Pander  in  his 
supposition  that  they  were  fish-remains.  As  described  by  him,  they 
are  white  and  opake,  with  transparent  edges, — or  reddish-yellow, 
transparent  and  homy  looking,  and  under  a  high  magnifying  power 
show  nothing  but  homogeneous  superimposed  layers. 

2.  To  return  to  my  own  forms.  The  second  class  of  bodies  may 
be  likened  to  the  crown  of  a  bicuspid  or  molar  tooth,  and  especially 
as  we  should  find  them  beneath  the  gums  of  a  new-bom  child 
(figs.  5, 6, 9).  The  upper  surface  presents  three  more  or  less  elevated 
and  rounded  cusps ;  the  lower  surface  is  excavated  into  depressions 
corresponding  to  the  cusps.  This  form,  on  the  one  hand,  by  losing 
elevation,  becomes  a  mere  tuberculated-  plate  or  scale ;  and  on  the 
other,  by  lateral  extension  of  the  ridges  joining  the  cusps,  the  little 
bodies  present  a  V-shaped  elevation  (fig.  11).  By  the  combination 
of  two  such,  we  have  an  undulated  plate  surmounted  by  a  W-shaped 
elevation  (fig.  12). 

The  bodies  included  in  the  first  and  second  classes  are  very  hard, 
have  a  rich  brownish-red  or  amber  colour,  and  are  semitransparent, 
and  highly  polished.  When  possessed  of  but  little  colour,  they 
appear  to  bo  composed  of  discoloured  ivory,  and  occasionally  present 
longitudinal  converging  striae,  due  to  coloured  lines  traversing  the 
semitransparent  substance ;  sometimes  it  is  difiicult  to  say  that  these 
are  not  linear  elevations. 

From  their  external  form  and  ivory-like  consistence  and  appear- 
ance, I  was  at  first  induced  to  think  that  some  of  these  tooth-like 
bodies  were  teeth,  probably  of  Fishes ;  but  the  variations  presented 
by  others,  and  their  declination  into  mere  tuberculated  plates,  ulti- 
mately persuaded  me  that  this  could  scarcely  be  a  correct  supposition. 

3.  In  the  third  class  we  find  small  thick  plates  of  a  somewhat 
oblong  form,  not  exceeding  two  lines  in  length,  and  about  a  fourth  of 
a  line  in  thickness.  There  are  three  pretty  distinct  varieties.  The  first 
is  distinguished  by  having  one  of  its  surfaces  raised  into  three  nearly 
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equal  rounded  tuberdes,  bounded  (at  least  in  one  direction^  by  the 
alightly  elevated  margin  of  the  plate  (fig.  18).  The  second  u  some- 
what pyriform  in  outline,  and  presents  usually  one  small  tubercle 
at  the  narrow  end ;  sometimes  there  are  two,  and  occasionally  three, 
more  or  less  separate  and  distinct  (figs.  19,  20).  The  third  variety 
occurs  as  oblong  or  rounded  plates  either  plane  or  with  one  snzfrce 
slightly  concave  and  the  other  slightly  convex. 

The  bodies  placed  in  this  class  are  commonly  of  a  greyish  or 
Uackish-brown  colour ;  and  a  fractured  edge  presents  an  excessively 
fine  fibrous  structure. 

All  the  forms  included  in  the  above  three  classes,  and  aU  their 
varieties,  possess  the  same  ultimate  microscopical  structure  and  che- 
mical composition. 

Structure, — ^The  structure,  which  is  perfectly  preserved,  is  iminii- 
takeably  Crustacean.  A  microscopic  section  presents  a  vertical  taba- 
lar,  and  a  horizontal  laminated  structure.  In  the  flattened  bodies 
these  two  structures  are  strictly  perpendici^ar  to  each  other;  but 
in  the  oonical  bodies,  except  about  Uie  apices,  they  have  a  more  or  Imb 
oblique  relation  (figs.  12  6, 12  c). 

.The  tubes  are  excessively  fine,  varying  from  about  the-^^^^  to 
the  ^7^i]nr^  ^^  ^^  ^^  ^  diameter.  In  most  specimens  they  appear 
to  be  injected  with  a  reddish-brown  material ;  but  this  rather  stains 
the  walls  of  the  tubes  than  fills  up  their  cavities ;  for  in  transverse 
section  they  appear  as  clear  dots  with  a  discoloured  droumferenoe, 
and  on  placing  the  bodies  in  hot  turpentine,  minute  air-babbles  are 
freely  displaced.  The  above  is  therefore  probably  an  oTerstatement 
of  their  real  siie.  The  tubes  are  so  crowded,  that  there  appears,  in 
vertical  sections,  to  be  little  or  no  intertubular  substance ;  they  lie 
parallel  to  each  other,  and  never  branch;  and  when  the  snr&oes 
between  which  they  pass  are  parallel,  they  take  a  straight  ooorse; 
but  whenever  an  elevation  occurs,  the  tubes,  instead  of  oonveiging 
towards  the  apex,  take  a  slight  bend  outwards  to  either  aide  cf  it 
Minute,  rounded  or  oval,  calcareous  corpuscles,  measuring  about  the 
^^^th  of  an  inch  in  diameter,  are  often  present.  In  horizontal  sec- 
tions, the  tubes  appear  to  be  arranged  in  systems  forming  rounded 
sinuosities  separated  from  each  other  by  dear  tortuous  lines  of  in- 
tertubular substance  (fig.  20  a). 

The  horizontal  lamination  presents  the  appearance  of  a  great  num- 
ber of  excessively  fine,  and  usually  faintly  marked,  wavy  lines,  the 
undulations  of  which  are  very  minute,  regular,  and  pandlel  to  each 
other  (fig.  12  d).  The  Conodonts  possess  the  same  structure.  The  fom 
oalled  Onaihodus  Mosquensis,  tab.  2  a,  fig.  10  in  Pander's  worit,  of 
which  I  have  found  several  specimens  in  the  bone-bed  (one  is  de- 
lineated in  fig.  15),  shows  both  the  laminated  and  tabular  atraotoii; 
the  tubes,  however,  are  rarely  stained  or  injected. 

In  the  flEuig-like  form,  of  which,  strange  tosay,  IbaTeomlyfooBd 
a  single  specimen  (fig.  16),  and  which  corresponds  to  the  gmmAeodKi 
of  Pander,  the  same  structure  is  recognizable.  Bat  tl^  tolrali  ars 
rarely  injected ;  and,  since  in  these  forms  they  have  ft  dinetion 
afanoat  pexaUeL  to  ^<^\sm^n3SB,  \^Sa  ^dS^s?aSi^  if  not  inqponiUe^  to 
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distinguiBh  between  them.  The  injection,  howeyer,  of  a  fbw  tubuli 
here  and  there  manifests  their  presence  and  direction. 

General  remarks  on  arrangement  of  tubuli  in  Crustacean  eJielL—^ 
This  alteration  of  the  relative  directions  of  the  lamincB  and  tubuli 
is  what  occurs  in  the  other  forms  of  Crustacean  fragments  to  which 
I  have  referred ;  and  I  also  find  a  corresponding  obliquity  of  their 
arrangement  in  the  spines  of  recent  Limuli.  The  same  rule,  in  faot^ 
applies  to  both  the  recent  and  fossil  int^ument ;  viz.,  whenever  the 
surface  is  elevated  into  a  tubercle,  the  tubes  have  a  direction  a 
little  oblique  to  its  surface ;  on  the  sides  of  a  conical  eminence  the 
tubuli  lie  at  an  acute  angle ;  and  when  the  eminence  is  included 
between  lines  that  are  parallel,  or  nearly  so,  then  the  tubulii  as  in 
the  spine-like  Conodonts,  take  a  direction  almost  parallel  to  the 
surface.  Calcareous  corpuscles  also  occur  in  the  Conodonts^  and 
are,  I  presume,  the  ''  nuclei  or  cells,"  which  have  been  mentioned 
in  the  description  of  these  bodies.  I  am  much  indebted  to  Professor 
Huxley  for  two  specimens  of  Conodonts  received  from  Dr.  Pander* 
They  have  proved  a  m&t  valuable  donation,  since  they  have  enabled 
me  to  investigate  their  structure  and  determine  their  identity  with 
my  own  solitary  specimen. 

Chemical  constitution, — Chemical  analyses  of  each  of  these  three 
classes  of  bodies  prove  that  they  have  the  same  composition ;  and  aa 
far  as  the  eye  can  judge  of  the  results  of  operations  on  small  quan-« 
tities,  the  proportion  of  their  constituents  appears  to  be  equal  in  aU. 
Th^  are  composed  of  phosphate  and  carbonate  of  lime,  the  former 
being,  contrary  to  my  anticipations,  the  more  abundant  constituents 
The  colour  is  duo  to  sesquioxide  of  iron. 

Bdationehip, — ^Having  thus  determined  that  the  bodies  above 
referred  to,  including  the  Conodonts  of  Pander,  are  Crustacean  frag-* 
ments,  it  remains  to  determine,  as  far  as  possible,  to  what  partioular 
genus  or  genera  they  belong. 

80  great  is  the  number,  and  so  varied  the  forms  of  the  parts  of  a 
Crustacean,  that  it  would  be  quite  allowable  to  suppose  that  all  the 
forms  figured  in  the  first  four  plates  of  Dr.  Pander's  work  (which 
include  representations  of  all  the  thirteen  genera  into  which  he  has 
subdivided  the  Conodonts)  may  belong  to  a  single  individual ;  and 
the  same  may  be  said  of  all  the  forms  which  1  have  figured ;  but 
perhaps  it  would  be  nearer  the  truth  to  assume  that  they  have 
a  more  distant  relationship  than  this.  May  they  not  belong  to 
several  or  all  of  the  orders  and  genera  common  to  the  strata  in 
which  they  lie  ? 

Structure  of  Pterygotue, — ^The  question  may  be  restricted  some- 
what by  ascertaining  the  structure  of  some  of  these.  First,  with 
regard  to  that  widely  difiused  genus  Fterygotus,  I  infer  that  its 
integument  was  very  soft,  and  almost  wholly  composed  of  animal 
matter,  from  the  fact  that  it  invariably  occurs  as  a  carbonaceous 
film.  We  find  the  bony  plates  of  Pteraspis  and  the  testa  of  Tri- 
lobi^  and  Phyllopods  well  preserved  in  the  mudstone-shale  of  the 
Lower  Ludlow  strata ;  but  even  in  the  calcareous  seams  of  the  Upper 
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Ludlow,  Ptenjgotus  still  remains  as  a  flimsy  trace,  or  dark  stain*. 
I  am  not  justUied,  therefore,  in  referring  any  of  these  fragments  to 
this  genus  or  its  allies,  unless,  indeed,  they  have  such  forms  as  are 
represented  in  figs.  11,  12,  and  13,  which  may  possibly  be  stomach- 
teeth. 

Structure  of  Trllohitts, — As  to  the  Trilobites,  they  have  a  struc- 
ture altogether  different  from  that  above  described.  I  have  ex- 
amined the  integument  of  Calymene  Blumenhachiiy  Harpts  macro- 
cq>halu8,  and  Phacops  latifrons :  Mr.  Salter  kindly  furnished  me 
with  material  for  examining  the  last  two  genera.  They  all  agree 
in  structure ;  and  as  this  is  best  seen  in  the  dark-coloured  CalymcM 
from  the  Lower  Ludlow  strata,  I  will  take  this  as  the  type.  The 
integument  of  this  genus  is  seen  in  vertical  section  to  conjsdst  of  two 
distinct  portions,  an  inner  and  an  outer ;  and  both  are  traversed  hy 
wide  straight  tubes,  from  -jn^oTF*^  ^^  ttW^^  ®^  ^^  "^^^  ^  diameter, 
placed  at  a  distance  of  about  77^  th  of  an  mch  apart,  so  as  to  be  quite 
isolated  from  each  other.  The  outer  part  of  tiie  integument  has  a 
coarsely  fibrous  appearance,  the  fibres  having  a  horizontal  directicm, 
and  uniting  obliquely  to  form  a  coarse  network  with  narrow  elliptical 
meshes.  I  question  whether  this  is  a  true  structural  appearance. 
Magnified  300  times,  this  part  of  the  integument  presents  obscuie 
indications  of  a  finely  laminated  structure.  In  specimens  from  the 
limestone  the  inner  part  of  the  integument  has  a  prismatic  struc- 
ture ;  but  I  believe  that  this  is  due  to  crystallization  of  the  infil- 
trated carbonate  of  lime ;  for  I  do  not  observe  it  in  specimens  from 
the  mudstone.  Moreover,  the  Trilobites  do  not  appear  to  haTO 
possessed  articulated  appendages. 

Structure  of  Ceratiocaris. — On  the  other  hand,  the  structure  of 
the  bodies  in  question  has  a  great  resemblance  to,  if  not  a  complete 
identity  with,  that  of  Ceratiocaris,  In  a  section  of  one  of  the  tail- 
spines  of  this  genus  from  the  Upper  Ludlow  rock,  I  find  both  the 
tubular  and  laminar  systems  well  displayed ;  but  the  landnse,  in- 
stead of  being  faintly  marked,  are  clearly  and  sharply  defined,  and 
the  tubuli  are  perhaps  less  crowded,  and  sometimes  beautifiolly 
zigzaged  near  their  termination  at  the  outer  surface.  There  is 
another  and  more  general  agreement  between  the  bodies  compared. 
The  Phyllopods  of  the  Ludlow  rocks  are  small,  many  being  not  much 
larger  than  big  prawns ;  and  they  possessed  a  very  hajrd  integu- 
ment, as  is  proved  by  their  remains.  Further,  these  little  animals 
were  very  spiny,  for  even  the  tail-spines  themselves  were  armed 
with  minute  secondary  spines  disposed  in  longitudinal  rows. 

Discrimination. — Now,  while  their  microscopic  size  and  eztreme 
hardness  separate  the  little  bodies  referred  to  in  this  paper  from 
Pterygotus  and  its  allies,  and  their  structure  frt>m  the  l^obites, 
these  characters  all  serve  to  associate  them  with  the  Phyllopods. 

*  In  the  large  Lesmaha^  specimenB,  in  which  the  integmnent  is  beatd0v«]o|Md 
and  peserred,  it  appears  in  vertical  section  as  a  bladk  line,  the  tvv^  ^  "^  »> 
onl^  in  thickness,  and  no  structure  can  be  made  out  either  in  this  or  in  ^^ — '—*^ 
section. 
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Indeed,  I  am  almost  convinced  that  many  of  the  simple  Conodonts 
are  really  the  minute  spines  which  were  attached  to  the  tail-spines 
of  Ceratiocaris,  Some  of  these  are  repeatedly  grooved  in  the  longi- 
tudinal direction ;  so  are  many  of  the  Conodonts.  Some  tail-spines 
in  my  possession  possess  rows  of  little  oval  apertures  which  cor- 
respond to  the  attachment  of  the  secondary  spines,  which  were  no 
doubt  moveable  ;  and  these  apertures  correspond  in  size  to  the  bases 
of  the  Conodonts.  Purther,  the  Conodonts  are  most  abundant  in 
those  strata  where,  in  this  country  at  least,  the  Phyllopods  are  most 
common,  viz.  in  the  Lower  Ludlow. 

While  I  would  thus  dispose  of  the  spine-  and  tooth-like  bodies,  I 
am  much  puzzled  about  a  reference  for  the  plates  or  scales.  They 
look  at  first  sight  like  fragments  of  Tiilobites ;  but,  apart  from  their 
difference  of  structure,  the  irregularity  of  their  tuberculation  and 
their  isolated  entirety  separate  them  from  these  animals.  Are  they 
the  disunited  and  symmetrical  pieceaof  such  a  tessellated  carapace 
as  is  found  in  the  recent  genus  Birgus?  (figs.  18, 19). 

Both  the  Conodonts  of  Pander,  and  the  fragments  which  I  have 
described  in  this  paper,  have  resemblances  to  the  recent  genera 
SquiUa  and  Idmulus,  In  structure  they  exactly  agree  with  the 
latter,  the  carapace  of  which  shows  no  differentiation  into  outer  and 
inner  portions ;  and  the  whole  thickness  is  traversed  by  simple,  uni- 
form and  straight,  or  slightly  bending  tubes. 

Bodies  similar  in  form  to  many  of  those  figured  in  tab.  1  and  2 
of  Dr.  Pander's  work  are  to  be  found  articulated  with  the  margins  of 
'  the  carapace  of  Limulus,  and  fringing  the  caudal  appendages  of  some 
species  oiSquiUa,  Indeed  figs.  22  and  23,  tab.  2,  are  exact  representa- 
tions of  the  posterior  margin  of  the  caudal  segment  of  a  species  of 
Sqmlla  in  the  Museum  of  Comparative  Anatomy  at  King's  College. 

Astacoderma, — In  order  to  facilitate  the  recognition  of  the  bodies 
mentioned  in  this  paper,  I  propose  to  form  them  into  one  provisional 
genus,  from  which,  as  each  is  more  particularly  identified,  it  may  be 
withdrawn.  Astacoderma  is  the  name  I  would  give  this  genus,  in 
which  I  would  also  include  the  whole  of  the  so-called  Conodonts, 
and  thus  give  them  at  once  a  natural  association,  and  a  more  appro- 
priate name. 

I  will  now  briefly  describe  such  of  the  more  typical  forms  as 
often  occur  in  the  Bone-bed. 

AsTACODEJftMA  TERMINALE.      PI.  XVII.  figS.  1  &  14. 

About  a  line  in  length,  conical,  roimd  or  compressed  and  sub- 
angular,  hollow,  the  cavity  usually  extending  about  two-thirds  the 
length.    Pig.  14  is  an  irregular  form. 

A.  BICTJSPIDATUM.     PI.  XYII.  figs.  2,  3,  4,  7. 

Barely  exceeding  a  line  in  length,  and  about  as  broad;  cusps 
nsnallj  equal,  vertical  or  oblique,  each  hollowed  at  the  base  into  a 
little  conical  cavity.    In  &g,  7  the  cusps  are  confluent. 

These  two  species  were  probably  the  hard  extremities  of  limbs. 

Xoc  Ludlow  and  Norton. 
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A.  smiuTUM.    PI.  XVn.  fig.  16. 

Very  minute  (fig.  15  does  not  exceed  a  line  in  its  greatest  di- 
mension) ;  the  cusps  are  sometimes  unequal  and  irr^:ularly  arranged ; 
dark  streaks  indicate  cavities  at  the  bases  of  the  cusps. 

This  is  the  Onaihod%u  of  Pander.  It  is  doubtless  the  semted 
margin  of  some  carapace  or  body-ring. 

Loc.  Ludlow. 

A.  spiKosxiM.     PI.  XVn.  figs.  16  tf,  16  h. 
The  simple  Conodont  of  Pander,   corresponding   to   the  genua 
Aeodui.     6pines  of  Ceratiocaris,  or  of  some  Squilloid  Crustacean. 
Lo€,  A  solitary  specimen  in  the  lk)ne-bed^  Ludlow. 

A.  TBiAKOiTtARE.     PI.  XVIL  figs.  5  a  <Sr  5  6. 

Triangular,  subpyramidal,  broader  than  long,  terminated  by  three 
cuspSi  two  anterior,  the  third  posterior  and  intermediate,  more  pro- 
minent than  the  anterior;  inferior  surface  (56)  presents  three  de- 
pressions in  a  general  concavity,  corresponding  to  the  cusps. 

Var.  difusum  (fig.  6). 

Var.  eontraetum  (fig.  8). 

Loc.  Ludlow  and  Norton  (common). 

A.  DBCLIirATTJM.     PL  XVII.  fig.  9. 

Odd  cusp  anterior,  depressed,  forming  the  termination  of  a  ridge 
running  downwards  and  forwards  from  the  left  posterior  cosp; 
between  .this  ridge  and  the  right  posterior  cusp  is  a  deep  depression 
which  slopes  downwards  to  the  right  side.  Inferior  surface  concave, 
presenting  a  general  concavity  with  three  depressions  oorrespondaig 
to  cusps. 

Var.  deprutum, 

Var.  txpansum.  Anterior  cusp  carried  towards  the  right  side,  so 
as  to  be  nearlv  in  £ront  of  the  right  posterior ;  deprenion  almost 
transverse,  wedge-shaped. 

Yar.  eapanso'OGuminatwn  (fig.  10).  This  variety  serves  to  eon- 
nect,  through  fig.  8  (A,  triangulare,  var.  corUrtusiitm),  the  last  two 
spedes  described.  I  am  at  a  loss  where  to  affix  these  bodies;  bat 
the  varieties  delineated  in  figs.  8  &  10  are  identical  in  Ibiin  witii 
some  of  the  stunted  spines  articulated  to  the  maiginB  of  the  abdo- 
minal plate  of  LimuJus. 

Loc.  Ludlow  and  Norton  (frequent). 

A.  vrnmsATUu.    PL  XVII.  figs.  11, 12ct— 12d,  13. 

Cusps  obsolete  or  nearly  so ;  the  two  intervening  suad  dirergiai 
ridges  forming  a  Y-shaped  elevation,  from  which  the  rest  oi  tiM 
Buiiace  dedinesion.    This  is  only  a  declens  of  YSiiety  ea^pansmn. 

Yar.  composiium.  A  combination  of  two  or  even  three  such  fonns, 
making  a  ligasag  plate,  bounded  by  a  smooth,  slig^tl^  derated 
margin.  The  under  swttace  presents  usnaUy,  bat  not  mvaittklyf 
depressions  corresponding  to  ^e  elevations.  Thia  lana  le  Boi  tt- 
like  the  ttonundh-teeth  of  the  common  Lobster. 

Loe,  Ludlow  asi.d'Sot^fiR^i.  (i[is]»\.^^r|  ^aossBODaa). 
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A.  PLAKUM.    PI.  XVII.  figs.  18, 19,  20  a,  206,  20  c. 

Flat  smooth  plates,  with  rounded  polished,  or  straight  (some- 
times polished,  sometimes  unpolished)  edges,  often  as  mudi  as  |  of  a 
line  in  thickness.  Superior  surface  slightly  concaye,  or  distinctly 
included  within  a  raised  margin,  occasionally  marked  just  within 
the  margin  with  minute  pits  or  radiated  linear  depressions ;  inferi(tt 
surface  also  slightly  concaye,  and  partially  bounded  by  a  smooth 
eleyated  border. 

Tar.  fnonotuherculatum  (fig.  20).  Sometimes  the  linear  depres- 
sion here  shown,  but  which  is  not  present  in  the  typical  form,  be- 
comes yery  wide ;  and  then  the  one-half  of  the  plate  is  occupied  by 
two  tubercles  (fig.  19). 

Var.  trituhermdatum  (fig.  18).  Oblong  or  pyiiform ;  the  superior 
surfeu^  presents  three  pretty  equal  rounded  tubercles,  bounded  in  one 
direction  by  the  elevated  margin  of  the  plate.  These  forms  resemble 
the  valves  of  some  species  of  Beyrichia ;  and  had  they  possessed  a 
more  delicate  structure  and  a  greater  concavity  of  one  surface,  one 
would  have  been  induced  to  refer  them  to  these  Entomostracans. 

Loe.  Ludlow  and  Norton. 

This  form  and  its  varieties  are  very  common,  and  make  up  a  con- 
siderable proportion  of  the  '*  black  scales,"  of  which  the  bone-bed 
appears  to  be  in  great  part  composed.  They  may  possibly  belong 
to  some  limuloid  Crustacean. 

A.  BEMIFOBME.      PI.  XVII.  fig.  l7. 

Flat,  triangular ;  superior  surface  convex  \  inferior  a  little  concave. 
The  superior  surface  presents  near  the  base  a  transverse  depression, 
alternately  convex  and  concave,  apparently  for  ginglymoid  articula- 
tion. 

I  have  met  with  this  form  twice  only.  It  resembles  some  of  the 
'  little  paddle-like  appendages  to  the  posterior  limbs  of  LitnuluB* 

Loc.  Ludlow  and  Norton. 

Dr,  Votborih*8  discovery  of  Oonodont6  in  the  Ludlow  Sone-hed. — 
I  would  mention  in  conclusion,  that  I  had,  last  summer,  the  pleasure 
of  showing  my  specimens  of  Conodonts  from  the  Bone-bed  to  Dr.  Vol- 
borth  of  St.  Petersburg,  a  very  eminent  authority  in  this  matter, 
and  that  he  unhesitatingly  confirmed  the  view  I  had  taken  of  these 
bodies,  as  to  their  being  identical  with  Dr.  Pander's  Conodonts. 

On  the  30th  of  May  last,  and  a  short  time  after  I  had  given  in 
my  paper  to  the  Society,  I  received  an  obliging  letter  from  Dr.  Vol- 
borth,  which,  as  it  contains  information  not  only  corroborative 
of  some  statements  made  in  this  paper,  but  also  of  general  interest, 
I  feel  that  I  cannot  do  better  than  transcribe. 

"St  Petenbuig,  May  12, 1861. 
**  Dbab  Sia, — ^According  to  my  promise,  I  beg  leave  to  inform  you 
t&at  on  my  return  home  I  found  himdreds  of  Conodonts  in  the  de- 
composed part  of  the  bone-bed  of  Ludlow.  Thcfy  have  probably 
undergone  metamorphio  action,  being  white,  opakoi  very  brittk^ 
and  not  of  so  brilliant  A  lustre  as  ouTB.    Bu.t1bl^«jttftQi8i^MES^^^s^ 
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dents,  ns  Mr.  Pander  has  been  able  to  trace  in  thorn  the  eame 
microscopical  structure,  vith  the  aid  of  glycerine. 

<<  I  found  Conodonts,  too,  at  the  Isle  of  Oeland  (Sweden),  and  sac- 
ceeded  in  detecting  fish -remains  at  the  Isle  of  Gothland,  in  maris 
that  coat  the  natural  divisions  of  the  limcfitones  of  the  Thonberg,  in 
the  south-east  of  the  isle,  close  to  Oestergam.  They  belong  to  those 
shagreen-scales  that  are  so  abundant  in  the  bone-bed  of  Ladlow 
(Thehdus,  Agass.),  described  by  Mr.  Pander  as  Ccelolfpis  tram  Oesel, 
and  confinn  &o  views  of  Sir  Koderick  about  the  younger  age  of  the 
strata  in  the  southern  part  of  tho  Island. 

"  Dr.  Alexavdsb  Yolbokxh." 

EXPLANATION  OF  PLATE  XVH. 
Kg.    1.  Antacodermaterminale;  x25. 

14.  A.  terfninalff  var.  X 15. 

2,  3,  4.    A.  bicu9pidatum  and  Tarieties ;  x25. 

7.  A.  hicu»pidatumy  var.  X 15. 

6  a.  A.  trianffuhre,  *] 

5  b,  A,  triatiffulare^  under  surface.  [•  X25. 

6.  A,  triangulares  yar.  diffusum.     J 

8.  A.  triangulares  rvjr.  contractum ;  X 15. 

9.  A.  declinatum ;  x25. 
10.  A.  declinatum,  var.  expanto-acuminatum. 
11a.  A,  undulaium:  vel  declinatum^  var.  expantum. 
\\b,  A.  undulafuniy  under  surfaoc. 
12  a,  A.  undulatum,  var.  cpmpositum. 
13.  A.  undulatuMs  var.  compositum,  under  surface. 
V2b.  A.  undulatumj  var.  compositum,  vertical  section,  x25. 

12  c.  A.  undulatum,  var.  compositums  vertical  section,  x60,  ■howingtbe 

tubular  structure. 
12  d.  A,  undulatumj  var.  cotnpositums  vertical  section,  x250,  Bhowing  ths 

laminar  structure  (a  few  tubuli  are  injected). 

15.  A.8erratum;  Xl5. 

16  a  &  16  h.  A.  fpinomm ;  X 15. 

17.  A,remiforme\  xl5. 

18.  A.  planum^yBT.  trituberculatttm]  Xl5. 

19.  20  a.  ^  planum^  var.  monotuberculatum ;  X 15. 

20  b.  A,  planum,  var.  monotuberculatum,  horixontal  section,  X260^  tbomn^ 

tubuli  cut  across  and  arranged  in  systems. 
20  c.  A.  planum,  var.  monotuberculatum,  vertical  section  thxxmgh  part  €f  tfa 

tnickness,  x250,  showing  tho  tubuli. 


Xl5. 


4.  (hi  the  Outburst  of  a  Volcano  near  Edd,  an  the  Amiciv  GotAfT 
of  the  Red  Sea.  By  Gapt.  R.  L.  Playfaib,  Officiating  Political 
Besidont^  Aden. 

[Oosnmunicated  by  Sir  B.  I.  Murchison,  y.P.GJ3.] 
(Abstract.) 
At  Edd,  lat.  13°  57'  N.,  long.  4P  f  E.,  about  half-vaj  between 
HaasonsJi  and  the  Straits  of  Bab-el-Mandel,  earthqnake-ahockf 
occoired  on  the  night  of  the  7th  of  May  or  the  moniing  of  the  BOk, 
dining  about  an  hour.  At  sunrise  fine  dust  fell,  at  first  white,  after- 
wards  red ;  the  day  was  pitch-dark ;  and  the  dust  was  naai^  knee- 
deep.  On  the  9th  the  &11  of  dust  abated;  andatni^tfireanaenMkB 
were  BeeniB8^gfiomle\>Q\lhiX^\^«^Ts»s<^^ 
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inland,  and  sounds  like  the  firing  of  cannon  were  heard.  At  Perim 
these  sounds  wore  heard  at  about  2  a.m.  on  the  8th,  and  at  long  in- 
tervals up  to  the  10th  or  11th.  The  dust  was  also  met  with  at  sea ; 
and  along  the  entire  coast  of  Yemen  the  dust  foil  for  several  days. 
Several  shocks  wcro  felt  on  the  8th  at  Mokha  and  Hodaida. 


5.  Notice  of  the  Occurrence  of  an  Eabthquate  on  tJie  20th  of  Mabch, 
1861,  in  Mendoza,  Argentine  Confederation,  South  America. 
By  C.  Murray,  Esq. 

[Communicated  by  the  President] 
(Abstract.) 
At  about  |  to  9  o'clock,  the  first  shock,  preceded  by  a  thunder-clap, 
destroyed  the  city  of  Mendoza,  killing  (it  is  said)  two-thirds  of  its 
16,000  inhabitants.  Altogether  there  were  eighty-five  shocks  in  ten 
days.  The  land-wave  appears  to  have  come  from  the  south-east. 
Several  towns  S.E.  of  Buenos  Ayres  felt  slight  shocks.  No  earth- 
quake took  place  in  Chile ;  but  travellers  crossing  the  TJpsallata  Pass 
of  the  Cordilleras  met  with  a  shower  of  ashes ;  the  pass  was  obstructed 
by  broken  rocks ;  and  chasms  opened  on  all  sides.  At  Buenos  Ayres, 
323  leagues  from  Mendoza,  and  elsewhere,  it  was  observed  in  watch- 
makers' shops  that  the  pendulums  moving  N.  and  S.  were  accele- 
rated ;  those  moving  E.  and  W.  were  not  aflfected. 


6.  On  the  Increase  of  Land  on  the  Coromandel  Coast. 
By  J.  W.  Dykes,  Esq. 
[From  a  Letter*  to  Sir  C.  Lyell,  F.G.S.] 
In  the  districts  of  the  Kistna  and  Godavery,  the  land  presents  a  paral- 
lel series  of  ridges  and  hollows  near  the  coast,  not  in  relation  to  the 
rivers  but  to  the  coast-line.     These  may  have  been  formed  by  sedi- 
mentary deposits  similar  to  what  are  now  taking  place  on  the  Coro- 
mandel coast.     By  the  strong  currents  alternately  running  N.  and  S., 
according  to  the  monsoons,  lines  of  sediment  parallel  with  the  coast 
are  formed ;  and  by  the  occasional  interference  of  winds  and  tides 
dams  are  thrown  across  the  hollows,  and  the  latter  soon  become  filled 
up.    These  parallel  bands  of  coast-land  become,  in  time,  upheaved 
and  more  or  less  affected  by  atmospheric  agencies. 


7.  The  Secretary  gave  a  brief  account  of  the  discoreir  of  an  ex- 
posure of  sandstone  strata  with  two  bands  of  clay  ftiU  of  calcareous 
nodules  containing  plentiful  remains  of  Coccosteus,  Oli/ptolepis,  and 
other  fishes  belonging  to  the  Old  Eed  Sandstone,  in  a  bum  about 
2|  miles  from  the  Manse  at  Edderton,  Eoss-shire,  on  the  south  side 
of  Dumoch  Firth.  This  information  was  contained  in  a  letter 
from  the  Kev.  J.  M.  Joass,  of  Edderton,  communicated  by  Sir  R.  1,> 
Murchison,  V.P.G.S. 

*  Dated  Xottapaluam,  Janaary  17, 1861. 
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J.  P.  Cooke.-rDimorphism  of  Arsenic,  Antimony,  via  SSb&  191, 

J.  M.  Safibid.— Upper  Silurian  Beds  of  Western  Teans^we.  905. 


J.  Barrande,  £.  W.  Logan,  and  J.  Hall— Taoonfe  and  Qosbss 

Oromps  of  »jQcka>  ^Q. 
a  D.  Hayea,— Al  nro  li»ariatoi>^9R. 
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American  Journal  of  Scienoe  and  Arts.    No.  92  (oontiniMd), 

F.  V.  Hayden  and  W.  F.  Raynolds. — Geology  of  the  Country  about 

the  Head^water  of  the  Missouri  and  Yellow  Stone  EiyerSi  S29. 
W.  Cribbs.— Atomic  Weights  of  the  Elements,  246. 
J.  L.  Smith. — ^Three  new  Meteorites,  264 
A.  Delesse. — ^Metamorphism  and  Pseudomorphisnii  87S. 
F.  H.  Storer.— Alloys  of  Copper  and  Zinc,  286. 
J.  W.  Dawson.— Fossils  of  the  Coal  of  Nova  Scotia,  200. 
J.  Hall's  '  Contributions  to  Geology/  noticed,  293. 

.    Vol.  xxxi.    No.  93.    May  1861. 

E.  T.  Doane.— The  Atoll  of  Ebon  in  Micronesia,  818. 

F.  J.  Pictet. — ^The  Qimtemian  or  Diluvian  Period,  846. 

J.  Schiel. — The  presence  of  Phosphoric  Acid  in  I^eoua  IU>c]{i|'S63. 

G.  J.  Brushe. — Ninth  Supplement  to  Dana's  ^Mineralogy,'  864. 

£,  Hitchcock. — Conyersion  of  certain  Conglomerates  Into  Talcose 

and  Micaceous  Schist  and  Gneiss,  872. 
T.  S.  Hunt — Some  Points  in  American  Geology,  892. 

F.  H.  Storer.— Alloys  of  Copper  and  Zinc,  428. 

L.  Lesquereux. — ^Botanical  and  Pal»ontologi(Mil  Report  on  tb#  Geo- 
logical State  Survey  of  Arkansas,  431. 

O.  Ileer. — Fossil  Leaves  of  Nebraska,  436. 

W.  B.  Rogers. — ^Elongate  Form  and  parallel  Arrangement  of  the 
Pebbles  in  the  Newport  Conglomerate,  440f 

T.  S.  Hunt— Chloritoid  from  Canada,  442, 

J.  Phillips's  '  life  on  Earth,'  noticed,  444. 

C.  U.  Shepard. — Catalogue  of  his  Collection  of  Meteorio  8ton#8  and 
Meteoric  Irons,  456. 

^LBsnranoe  Magazine.    Yd.  ix.    Part  5.    No.  48.    April  1861*1 

^.thensum  Joumal.    Npa.  1745--1757. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 

W.  S.  Symonds's  <01d  Bones,'  noticed,  527, 

Obituary  Notice  of  J.  S.  Henslow,  696. 

Palmieri.— Vesuvius,  703. 

Wilson  and  Geikie's  'Memoir  of  Edward  Forbes,'  noticedi  766. 

H.  F.  A.  Pratt's  'The  Genealogy  of  Creation/  noticed,  860. 

D.  Page's  'The  past  and  present  Life  of  the  Globe,'  noticed|  866. 

Berlin.   Monatsberichte  d.  Konig.  Preuss.  Akad.  d.  Wiafenaolu  Re- 
gister vom  Jahre  1836  bis  1868.     1860. 

.    Monatsberichte  for  1860.    1861. 

Beyrich, — Ueber  Semnopithecus  PenteHcus,  849. 
Bunsen. — Entdeckun^  eines  dem  KaliiiTyi  ahnlichen  MetfJl^  221. 
Ehrenbe^g. — ^Meteoreisen  und  -steinen  aus  NordameriloL  &c..  617. 
Heintz.— Boracit,  466. 

Bammelsberg. — Ueber  das  Verhalten  der  aus  KieselsSure  bestehen- 
den  Mineralien  gegen  Ealilauge,  758, 

G.  Rose. — ^Vorkommen  der  Diamanten  in  Brasilien,  137* 

.    Ueber  die  heteromorphen  Zustande  der  koiilensauren  Kalk* 

eide,866. 
H.  Rose. — ^Ueber  die  untendobsauren  Salie,  710. 
R.  Schneider. — Isomornhie  der  Jodantimon  mit  Jodwiamuth,  66. 
— >-.    Ueber  Wismutn-  und  Antigiox^jodosulfiojet,  67. 
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Berwickshire  NatoraliitB*  Club.    Proceedings,  1S61. 

R  CwT.— Anniversary  Addreas,  Sept  13, 1860,  167. 
J.  Hardy. — ^FoflAil  Antlers  of  Koebuck,  Megaceros,  and  Red-deer  at 
Coldingham,  206, 214  (plate). 

Brussels.    Annuairo  de  TAcademie  Boyale  des  Sciences,  des  Lettres 
et  des  Beaux  Arts  de  Belgique.     1861. 

.    Bulletins  de  TAcad.  Roy.  29"«  Annee,  2^  Ser.    Vol.  ix. 

1860. 

Scohy. — Sur  une  d^couverto  d*ossements  fossiles  a  Lierre,  405, 436 
(plate). 

.     .     Vol.  X.     1860. 

Van  Beneden. — ^Discours  prononc^e  10  D^cembre,  709. 

Raemdonck,  Nyst,  &c. — our  ossements  fossiles  trouv^s  dans  les  en- 
virons de  St-Nicholas,  401. 

Montigny. — Sur  dca  debris  d*animaux  fossiles  trouv^  pr^  de  Ni- 
velles,  430. 

Dewalque  et  autres. — Sur  les  fouilles  faites  k  Anvers,  608,  699. 

Malaise  De  Koninck,  et  d*Omaliiis. — Sur  des  ossements  homiini 
fossiles,  ct  sur  quelques  silex  taill^,  611,  614,  638  (plate). 

.    Memoires  couronnes  et  autres  m^moires  public  par  TAcad. 

Roy.  de  Belgique.     Collection  in  8vo.    Vol.  x.     1860. 

A.  Perrey. — Sur  les  Tremblements  de  Terre  in  1867,  avec  SoppW- 
ments  pour  les  ann^es  ant^rieures. 

-«— .    Memoires  de  I'Acad.  Royale  de  Belgique.  Vol.  xxxii.  1861. 

Caen.    Bulletin  de  la  Soc.  linn^nne  de  Normandie.   Vol.  v.  Annee 
1859-60. 

Pcrrier. — Sur  quelques  fossiles  recueillis  sur  la  route  des  champs 

St-Michel,  89. 
De  Caumont. — Sur  quelques  fossiles  recueillis  dans  le  lit  de  la 

Dive,  91. 
.    Sur  les  bords  de  la  Mer  Jurassique  du  sud-est  de  la  France^ 

92. 
E.  Deslongcbamps. — Sur  un  corps  fossile.  111  (pL  x.  figs.  ^-8\ 
R  R  Deslongchamps. — Sur  queiques  Qast^ropodes  fossiles  aes  ter- 
rains jurassiques,  119  (plate). 
E.  Deslongchamps. — Sur  ime  nouvelle  coupe  g^Mque  de  gaat^ro- 

podes  fossiles,  nomm^e  Eucyclua,  138  (plate). 
R  Hubert  et  E.  R  Deslongchamps.— Sur  les  fossiles  de  Montieiul- 

Bellay,  163  (9  plates). 
De  Bi^isson. — Empremtes  de  corps  organist  sur  une  foche  Cam- 

brienne,  244  (plate). 

Calcutta.  Asiatic  Society  of  Bengal  Journal.   New  Series.  No.  10^ 
1860,  No.  4. 

W.  T.  Blanford.— Rocks  of  the  Damuda  Grotm  of  Bimgnit  S6S. 
H.  J.  Carter.— Geological  specimens  from  thePersitnGf^ft€.|9n 

.    •    No.  106.    1861,  No.  1. 
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Canadian  Journal.    New  Series,    No.  32.    March  1861. 

D.  Wilson.— Presidential  Address,  Januanr  13, 1861, 101. 

E.  Billings. — ^Devonian  Fossils  of  Canada  West,  138  (figures). 

E.  J.  Chapman. — Minerals  and  Geology  of  Canada,  149. 

IL  Y.  Ilinde's  *  Narrative  of  the  Canidian  Red  Riyer  Exploring  Ex- 
pedition,* &c.,  noticed,  176. 
J.  IlalFs  *  Contributions  to  Palaeontology/  1860^  noticed^  187. 

Chemical  Society.    Quarterly  Journal.    No.  53.    Vol.  xiv.    Part  1. 
April  1861. 

IL  M.  Noad  and  A.  Voelckor.— Analysis  of  the  Saline  Water  of 
Purton,  near  Swindon,  43,  46. 

F.  Field.— Carbonates  of  Copper,  Nickel,  and  Cobalt,  48,  70. 

Cherbourg,  Memoires  do  la  Soc.  Imp.  des  Sc.  Nat.  de.    Vol.  vii. 
1859.     1860. 

Jouan. — Sur  les  lies  basses  et  les  r^cifs  de  corail  du  Grand-Oc^an. 
148. 

.    Sur  le  Guano  des  lies  Chinchas,  364. 

Bonissent. — D^couverte  de  Fossiles  k  Couville,  372. 

Critic.    Vol.  xxii.    Nos.  561-573. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 

Obituary  Notice  of  J.  S.  Ilenslow,  706. 

Wilson  and  Geikie's  *  Memoir  of  E.  Forbes,'  noticed,  756. 

Dublin.    Royal  Irish  Academy.    Transactions.   Vol.  xxiv.  Part  1 . 
1860. 

G.  J.  Stoney. — ^Rings  seen  in  fibrous  specimens  of  Calc-spar,  81. 

Empire,  the  (Sydney).    No.  2911.    January  28, 1861. 
Australian  Gold-fields,  2. 

Falmouth.    Cornwall  Polytechnic  Society.    28th  Annual  Report. 
1860. 

R.  Q,  Couch.— Mortality  of  Cornish  Miners,  18. 
H.  C,  Salmon.— Origm  of  Crystalline  Rocks,  97. 

Geology.    VoLiv.    No.  40.    April  1861. 

J.  W.  Salter.— Coal,  121. 

C.  Hutton.— The  Darwinian  Theory,  130. 

J.  Powrie. — Cephalasjndes  of  Forfarshire,  137. 

R.  Lightbody. — Cephakupidea  of  Worcestershire,  140. 

A.  Murston. — Cqfhakupidea  from  near  Ludlow,  141. 

Foreign  Correspondence,  142. 

V.  Lipoid.— Silurian  "Colonies"  of  Bohemia,  142. 

W.  W.  Woods.— Minerals  of  the  Philippines,  143. 

Notices  of  Societies,  145. 

Notes  and  queries,  157. 

Heusser  and  Claraz. — Diamond- workings  of  Brazil,  163. 

G.  R.  Vine.— Geology  of  Athlone,  169. 

J.  F.  Whiteaves.— Oolitic  Echinodermata  of  Oxford,  174. 

Reviews,  176. 
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GcologiBt.    No8.  41,  42.    May  and  Juno  1861. 

J.  W.  Salter.— Coal,  177,  229. 

F.  W.  Hutton.— The  Darwinian  Theory,  188. 

G.  E.  Roberts. — Cephakuois  and  PteraapU,  188. 

0.  Moore. — Tereb^,  and  some  new  Brachiopoda,  100. 

Fossil  Chitons,  222. 

Iceland,  225. 

G.  W.  Stow.— Geology  of  Sundays  Rirer,  South  Africa,  238. 

F.  Drake. — ^Hunian  Remains  in  the  Vale  of  Belvoir,  246. 

Foreign  Correspondence,  104,  247. 

Proceedings  of  Societies,  206,  256. 

Notes  and  Queries,  212,  258. 

Reviews  of  Books,  268. 

Hanau,  Jahresbericht  dor  Wetterauer  GeselLschaft  fiir  d.  gesammte 
Naturkunde  zu.    1861. 

R.  Ludwiff. — ^Ueber  Bodenschwankungen  im  Gebiete   des  untem 

MainthaJes  wahrend  der  Periode  der  Quartarbildungen,  L 
R.  Blum. — Die  in  Wetterau  yorkommenden  PseudomoiphoseD,  15. 

.    Neue  Fundorte  vpn  Mineralien  in  der  Wetterau,  26. 

— .    Roesfilerit,  ein  neues  Mineral,  32. 

Heidelberg,  Yerhandlungen  doa  nat.-med.  Vereina  «u.  Vol.  ii. 
Part  2. 

R.  Blum. — Ueber  eine  besondere  Art  der  Ausfiillung  yon  Blasen- 

raumen  in  Mandelsteinen,  82. 
— .  Ueber  Pseudomorphosen  und  Einschlusse  yon  Mineralien  in 

Mineralien,  87. 

India,  Geological  Suryev  of.  Annual  Report.  4th  year.  1859- 
60.    1860. 

Institution  of  Ciyil  Engineers.  Proceedings.  Session  1859-60, 
Nos.  2-20 ;  and  Session  1860-61,  Nos.  1-25. 

C.  £.  Amos. — Waterworks  at  Trafalgar  Square. 
F.  Braithwaite.— Rise  and  Fall  of  the  Riyer  Wandle,  &c 
J.  Murray. — ^The  North  Sea,  or  German  Ocean;    its  Estuaries, 
Riyers,  and  Uarbours. 

Jena.  Noya  Acta  Acad.  Cces.  Leop.-Carol.  Genn.  Nat.  Cur.  VoL 
zxyiii.  (3rd  Ser.  Vol.  yiii.).  1861.  (Comprising  the  LeopdUina, 
Heft  ii.) 

Linnean  Society.    Journal  of  the  Proceedings.  Vol.y.  Not.  19, 20. 

.    .    2nd  Supplement,  to  Vol.  y.,  Botany.  Hay  24, 1861. 

.    Charter  and  Bye-laws.     1861. 

.    Transactions.    Vol.  xxiii.  Part  1.    1860. 

.    list  oOeaoTra,    1%^. 


literary  Gaaette.    VoLvi.    Nob.  147-156. 

Notices  of  Meetings  of  Scientific  Societies^  &o, 

K  Scherzer's  *  Voyage  of  the  Novara/  noticed,  485. 

D.  Page's  'The  Pa«t  and  Present  Life  of  the  Globe/  noticed,  534. 

Wilson  and  Geikie's  '  Memoir  of  Edward  Forbes/  noticed,  663. 

J.  Cumming's  'Isle  of  Man,'  noticed,  582. 

London.  International  Statistical  Congress,  the  Fourth  Session. 
Programme.    1860. 

R.  Hunt. — Statistics  of  Mineral  Produce,  &c.,  85. 
Mortality  of  Miners,  55. 

.    .    Report  of  the  Proceedings.    1861. 

R.  Hunt— Statistics  of  Miners,  806. 
.    Mortality  of  Miners,  809. 

London,  Edinburgh,  and  Dublin  Philosophical  Magaiine.  4th  Series. 
VoL  xxi.  Nos.  140-142,  April-June  1861.  From  Dr.  W. 
FraiiciSy  F.G.S. 

W.  Crookes.— A  new  Element,  probably  of  the  Sulphur  group,  301. 

J.  D.  Smithe.— Gravel  of  the  Punjab,  805. 

T.  H.  KMjdej.—Pteraspis  DunenstSf  805. 

W.  Whitaker.— Chalk-rocks  of  Wilts,  Berks,  &c.,  806. 

R.  L  Murchison  and  A.  Geikie. — ^Western  and  Central  Idaads, 

806. 
.     Coincidence  between  Stratification  and  Foliation  in  the 

Highlands,  808. 
R.  Harkness. — Silurian  Rocks  in  the  Highlands  and  N.  W.  Ireland, 

808. 
F.  Drew.— Hastings  Sand,  809. 
J.  W.  Kirkby.— Permian  Rocks  and  Fossils  of  South  Torkihbre, 

810. 

D.  Campbell.— Arsenic  and  Antimony  in  Streams  and  Riveri,  818. 
F.  von  KobelL — Dianic  Acid,  415. 

E.  J.  Chapman. — Drift  Deposits  of  "Western  Canada,  428. 
A.  Daubree. — Capillary  Infiltration,  479. 

.    .    No.  143.    Supplement.    June  1861. 

C.  Bunbury. — ^Fossil  Plants  from  Nagpur,  536. 

S.  Hislop. — Plant-bearing  Sandstones  of  Central  India,  536. 

W.  B.  Clarke.— Age  of  the  Coal-rocks  of  New  South  Wales,  537. 

T.  H.  Huxley. — ^Reptilian  Remains  from  Bengal,  587. 

J.  Hector.— Ueology  of  the  Rocky  Mountains,  587. 

A.  Gesner. — Movements  of  the  Land  in  North  America,  539. 

London  Review.    Vol.  ii.    Nos.  40-52.    April-June  1861. 

Notices  of  Scientific  Societies*  Meetings,  &c. 

D.  Livingstone. — Victoria  Falls,  Tete,  &c.,  476. 
Spectrum-analvsis  of  Metals,  521. 

D.  Walker. — Geology  of  the  Arctic  Regions,  587. 
Mosaic  Cosmogony,  &8o. 
Spectrum-analysis,  649,  766. 
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L^ndoa  Review.  YoL  u.   Nos.  40-59.    Aprii-Jitna  18G1  {tanfmi 

R.  Fit^my.—SU)ne -tools  in  Drift,  638- 
Fro^liwnter  Spring-  in  tho  Hqa  olF  Piorttljiv  604, 
Carbon  and  ita  combmatiooB  &ud  praducH  ^d^> 

Longman's  Monthly  Liat»    Juno  1,  1861. 

.    Kotes  of  Books.    No.  25.    May  186 1 . 

Manchester  Geological  Society*     Transactions, 

J,  Dickinson- — Locks  foT  Miners'  Saftity-Unipi,  57. 

.     Petroltnim  in  Coal-mines,  02. 

y,  lligion. — Otithnrats  of  Firt?-danip  in  Coal-piU,  04. 

P.  Cartellicri, — ^The  Fmncis  Well  at  Egor  intiuonc^  by  atmO! 

J.  Taylor,^ — Geology  of  Castletonj  73» 

Mechanics'  ilagazine.    New  Seri^,     VoL  r.    Noa .  1 19-13 1 

Nolicea  of  Mtietingd  of  Scientific  Societies,  &c, 

Viiittihtirm  of  Coal-miaea,  230, 30L 

Fromv.— Compoaition  of  Steel,  364,  415. 

IL  Ulu^knl  — Chemisltjf  of  Steol,  371,  mO,  iOii,  4ia 

J.  K.  Lielchiltl^ — Ventilntion  of  Coal-min^^  37R 

Melbourne   (Vietom),       Mining    Snnrejors*    Beparts.      No.  23, 
March  18GL 

MLlan.    Atti  del  I^le  latituto  Lombardo  di  Bdenie,  &e.     Vol  i 
Fasc.  4-0,     1800-61. 

',    Memorie  del  Eeale  latituto  Lombardo,  &c,     VoL  tijL  (ToL 

ii.  of  Uie  2nd  series),  fuse.  4.     1861. 

Munich.     Sitzungsberichte  Ktin.  bayer.  Akad,  l^^iflsefiiich,    IS 
Hoftc  4  &  5.     1860,    Zu  Munchen. 

A*  "SVfli^fnpr. — Ueber  don  js^egeawiirtigipn  StRndpnnct  dtir  TSpom* 
(kr  Erdbildnng  nach  iliro  gosoliicnl lichen  Entwickeluag  in  ^^^ 
lotztcn  fiinfzi^  Jnhren,  375, 

Vu;r(;l.--Uebor  die  Falhing  dea  adbwefelaitiiren  M^ngftnoar)  did*  dinti 
Silboroxyd,  G30. 

A.  Waimur'und  Lindormayof. — Ueber  die  foaailon  Knocheiu^iA^  ^*^ 
Fikenni,  047.  '  ^h 

New  York,     The  Second  Annual  Eeport  of  the  Tnisteei  of  11^^ 
Cooper  Union  for  the  Advanecment  of  Scienc©  and  Art,    JwniiT}' 
1,  1^61, 

Now  Zealand  Fsaminer,    No,  16, 

Paria.    Annales  des  Mines.     5^  Scr.     VoL  x^m.     Lirn 

1860. 

A.  Ddesse.— Rocherchcs  do  TaKote  et  doa  matii^ros  org»Bl^i 

r^corce  teireslre.  21& 
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Paris.    Annalcs  des  Mines.    5"*  Ser.    Vol.  xviii.    Livr.  5  ct  6  do 
1860  (continued), 

H.  Ste.-Cl.  Deville  ct  H.  Debray. — De  la  m^talluigie  du  platine  et 

des  m^taux  qui  Taccompagnent,  325. 
B.  von  Cotta.— Mindraux  des  filons  metallif&res  de  Freiberg,  649. 

.        .    Vol.  xix.    Livr.  1  de  1861. 

A.  Daubr^e. — Percement  de  certaines  roches  tr^  dures,  25. 

.    Bulletin  de  la  Soci^t^  GA)logiquo  de  France.     Deux.  S^r, 

Vol.  xviii.  Feuil.  1-6.    1861. 

Ed.  Piette. — Sur  un  nouveau  genre  de  gastdropodes  (Exeltaaa),  14. 
Toumal. — Sur  la  presence,  dons  les  cavemes,  d'ammaux  d'esp^ces 

perdues,  15. 
Gosselet  et  Delanoiie. — Sur  les  terrains  primaires  de  la  Belgique  et 

du  nord  de  la  France,  18, 33. 
Ch.  Lory. — Sur  la  constitution  stratigrapliique  de  la  Haute-Mau- 

rienne  (pi.  1),  34 
Alph.  Favro. — Sur  la  Structure  des  montagnes  qui  constituent  le 

versant  nord  de  la  Maurienne  (pi.  2.),  47. 
J.  Delbos. — Sur  Tost^logie  compart  des  Ours  vivants  et  fossiles,  63. 
Loustau. — Coupe  du  terrain  traverse  par  la  ligne  de  Chauny  k  Saint- 

Gobain,  77. 
Ed.  Hubert — Gisement  des  couches  marines  de  Sinceny  (Aisne).  77. 
Buteux. — Sur  des  bancs  du  diluviiun  avec  debris  d'espdces  aani- 

maux  perdus  superpose  k  Amiens  k  des  couches  do  tourbe,  79. 
Em.  Goubert — Coupes  dans  les  mames  de  Saint-Ouen,  80. 
Marcel  de  Serres. — our  la  troncature  normale  des  coquilles  des  mol- 

lusques  gast^ropodes,  etc.,  87. 
Anca. — Sur  Texistence  de  VElephtu  africanus  en  Sicilo,  90. 
^Vlbert  Gaudrv. — Sur  quelques  os  gi^antesques  provonant  des  nou- 

velles  fouiUes  entreprises  k  Pikermi  (GrSce),  91. 

.    .    Vol.  xviii.  FcuU.  7-12.    1861. 

Ed.  Hubert.— Sur  la  mer  jurassique  et  les  theories  imagin^es  pour 

rendre  compte  de  ses  d^placcments,  97. 
A.  Laugel. — Sur  le  Blatterstein  du  Harz,  103. 
E.  Dumortier.— Sur  le  Cirrtis  Foumeii  (Thiolli^re)  (pi.  8),  106. 
Daubr^e.— Sur  les  z^olithes  form^es  dans  un  b^ton  remain  par  les 

eaux  thermales  de  Luxeuil  (Ilaute-Saone),  108. 
Ch.  Ste-C.  Deville. — Sur  le  tremblement  de  terre  ^prouvd  aux  An- 
tilles le  8  f^vrier  1843, 110. 
A.  Bond. — Sur  Torigine  de  la  Soci^t^  g^oloffiquo  de  France,  130. 
H.  Coquand. — Rapports  entre  les  groupes  de  la  craie  moyenno  et  de 

la  craie  sup^rieuro  de  la  Provence  et  du  sud-ouest  de  la  France, 

133. 
Deshayes. — Analyse  d'un  travail  de  M.  Ed.  Suess  sur  les  Brachio- 

podes  de  la  collection  de  Vienne,  163. 
Ed  Suess. — Faune  du  bassin  ndo-tertiairo  de  Vienne,  108. 
Th.  Ebray. — Stratification  de  la  craie  moycnne  comprise  entre  la 

Loire  et  le  Cher,  176. 
Bertrand  de  Lom. — Sur  les  nombreuscs  espSces  min^rales  d^couvertes 

dans  les  cinq  d^partements  volcaniques  do  la  France,  192. 
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Paris.    Bnlletm  de  la  Society  G^logique  de  France.     Deux.  Sdr. 
Vol.  xviii.  Feuil.  13-21.     1861  (continued). 

A.  Daubr^e. — Sur  la  possibility  d*uiie  infiltration  capillaire  au  teivers 

des  mati^res  noreuses,  &&,  193. 
J.  Barrande. — Sur  la  faune  primordiale  et  le  Sjst^me  taconique  en 

Am^rique  (pi.  4  et  5),  203. 
L.  Saemann. — Sur  Tunit^  des  ph^nom^nes  g^ologiqnes  dans  le  sj- 

st^me  plan^taire  du  soleil,  322. 
F.  Cailliaud.— Sur  Texistence  de  la  faune  troisi^me  silurienne  dans 

le  nord-est  du  d^partement  de  la  Loire-Inf^rieure;  330. 

— — .     M^moires  de  la  Societe  Geologique  de  France.     Deux.  Serie. 
VoLi.  pt,  2.    1846. 

Thorent. — Sur  la  constitution  geologique  des  enyirons  de  Bavonne^ 

181  (plate). 
J.  Comuel. — ^Desorintion  des  entomostrac^s  fossiles  du  terrain  ci^- 

tac6  inf^rieur  du  a^partement  de  le  Haute  Mame,  103  (plate). 

A.  Viquesnel. — ^Journal  d*un  voyage  dans  la  Turquie  d'Europe,  207 
(map). 

B.  Studer. — Sur  la  masse  des  montagnes  entre  la  route  du  Simplon 
et  celle  du  Saint-Gothard,  306  (map  and  plate). 

A.  Leymerie.— Sur  le  terrain  1^  nummulites  (^picr^tao^)  des  Cor 
biftres  et  de  la  Montague  Noire^  337  (map  aad  6  plates). 

'. .    .    Val.iv.  Pt.  2.    1852. 

L.  BeUardi^  &c — Catalogue  raisonn^  des  fossiles  nummulitiques  du 

Comte  de  Nice,  206  (11  plates). 
A.  Delesse. — ^Recherches  sur  les  roches  globuleuses,  301  (4  plates). 

.    .     Yol.v.     1854-5. 

H.  Coquand. — ^Description  g^logique  de  la  prorince  de  Constantine, 

1  (4  plates). 
J.  Haime. — Description  des  bryozoaires  fossiles  de  la  formation  juras- 

sique,  167  (4plate8). 
O.  Terquem. — raldontologie  du  systSme  du  lias  infiSrieur  du  grand- 

duchd  de  Luxembouig  et  de  Hettange^  du  ddp.  de  la  Moselfei  223 

(16  plates). 
£.  Hubert. — ^Tableau  dea  fossiles  de  la  craie  de  Meudon^  345(3  plates). 

.     .     Vol.  vi.     1856-9. 

J.  Duroche. — Constitution  geologique  de  la  Norvdgei  de  la  8ukde, 

et  de  la  Finlande,  1  (2  maps  and  1  plate). 
L.  D*Archiac — ^Etudes  g^oloffiques  d  une  partie  des  d^partements  de 

TAude  et  dea  Pyr^n^es-onentales  (lea  Corbi^rea),  900  (map  a^ 

8  plates). 

.    .    Vol.  vii,     Mem.  No.  1.     1860. 

J.  Martin.— Pal^ontologie  stratigrapbique  de  rinfra-lksi  1  (8  {dates). 

-*— .    Comptes  EenduB  des  Stances  de  TAcad.  des  Sdoieea.   UUm 
du  tome  11. 

Geof;  St-H3bm«--Cluii&SLc»^^^  aathxo^ogiqae  «t  aodoglqpH^  4SS. 
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Paris.    Comptes  Rendus  des  Seances  de  PAcad.  des  Sciences.    Tables 
da  tome  li.  (continued), 

Delesse. — Recherche  de  Fazote  dans  lea  substances  mindralesi  286^  405. 

Nickles. — ^Relations  d'isomorphisme  entre  le  bismuth  et  rantimoine, 
1097. 

Bechamp. — Cuivre  dans  les  eauz  de  BalaruC;  213. 

Moissenet — ^Du  dosage  de  retain  dans  ses  mineraisy  206. 

Thomassy. — Sur  le  delta  du  Mississippi,  183. 

C.  M6ne.— Sur  le  groupe  de  la  Montague  Noire  (Aude),  81. 

Durocher. — Recherches  sur  les  syst^mes  de  montagnes  de  FAm^rique 
Centrale,  43. 

.  Etudes  hydrographiques  et  g^ologiques  sur  le  lac  de  Nica- 
ragua, 118. 

S.  Gras. — Opposition  entre  Fordre  stratigraphique  des  couches  et 
leurs  caract^res  pal^ntolo^ques,  108. 

De  Chancourtois. — Distribution  des  minerals  de  fer,  414 

Phipson. — ^Roche  r^cemment  form^  sur  le  littoral  dela  Flsadre,  419. 

Gaudry. — Couche  fossilif^re  de  Pikermi,  600. 

Pissis. — ^Travaux  g^ologiques  et  g^od^siques  ex^ut^s  au  Chili,  603. 

Poucel. — Important  gisement  de  mineral  d'argent  dans  FAmbato 
(Conf(Sd^ration  Argentine),  004 

R  Robert — ^Recherches  sur  les  matidres,  notamment  lea  pierres,  qui 


'Moyen  d'amplifier  les  mardes  k  Fembouchure  des  rivieres, 

762. 
Amoux. — Sur  un  mineral  de  Gamboge  contenant  du  plomb,  du  cuiyre, 

et  de  Fargent,  466. 
Mdne. — Sur  une  nouTelle  espdce  de  cuivre  gris,  la  foum^rite,  463. 
Pisani. — ^Analyse  de  la  glauTOrite  de  VarengreyiUe  prte  Nancy,  731. 
Gaudry.^R^sultats  des  nouvelles  fouilles  fiutes  ftPikermi  (Attique), 

467. 
.    Lettre  annoncant  Fenvoi  de  ces  fossiles — ^Determination  g^o- 

logique  de  la  couche  qui  les  rec^lait,  600,  602. 

.    Pieces  apport^  de  Grtee,  634,  780. 

.    F^mur,  humerus  et  autres  os  des  membres  d'un  grand  mam- 

mif^re  suppose  Stre  im  JDinotherium,  802. 
.     Sur  une  machoire  de  Metarctus  et  de  Leptodon  provenant 

du  ^sement  fossil^re  de  Pikermi,  926. 
Gerrais.— Sur  la  presence  du  grand  daim  et  du  renne  parmi  les  fos- 
siles des  enyirons  de  Montpellier,  634 
A.  Edwards.— Sur  les  crustac^  fossiles  des  sables  de  Beauchamp,  92. 
Bordas. — Certains  faits  de  paldohtologie,  897. 
Damour.— Sur  les  sources  thermales  et  les  fumeroles  du  cdne  de  la 

Soufiri^re  (Guadaloupe)^  661. 
Prost. — Secousses  ressenties  k  Nice  du  3  au  12  juin  1860,  67. 
Terrell. — ^De  la  presence  du  vanadium  dans  les  argUes  de  Forges- 

les-eaux  et  de  Dreux,  94 

.    Comptes  Rendus  de  FAcad.  Sc.     1861.    Prem.  Semestre. 

VoLlii.    Nos.  6-20. 

Philadelphia  Academy  of  Natnral  Sciences.     Proceedings.     1861. 
pp.  1-64. 
W.  M.  Gable.— American  Cretaceous  Brachiopoda,  18. 

Photographic  Society.   Joomal.    Nos.  108-110.  April-JniM,  1861. 
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Fuy,  Annales  dc  la  Soci^te  d'Agricnlture,  Sciences,  Arts,  et  Com- 
merce du.     Vol.  xxi.,  1857-58.     1861. 

Quarterly  Journal  of  Microscopical  Science.     New  Series.    No.  1. 
January  1861. 

Koyal  Geographical  Society.    Proceedings.     Vol.  v.     Nos.  1,  2. 

J.  Rae. — ^Fa9roe8  and  Iceland,  80. 

J.  W.  Tayler.— Fiords  of  South  Greenland,  00. 

Royal  Horticultural  Society.     Proceedings.     Vol.  i.     Nos.  23-25. 
April-June,  1861. 

Royal  Society  of  London.    list  of  Follows.    30th  November,  1860. 

.     Proceedings.     Vol.  xi.     No.  43, 

.     Philosophical  Transactions.    Vol.  cxlix.  Part  I.     1859. 

W.  B.  Carpenter. — Rescnrches  on  Foraminifera,  Part  ILL  (Penero- 
pits,  Opcrculina,  and  Amphtstegma),  1  (6  plates). 

R.Owen. — Remains  of  a  gigantic  Land-lizard  (Meff€danta pritea) 
from  Australia,  43  (2  plates). 

.    Vertebral  Characters  of  the  Pterosaurtay  161  (plate). 

.     Fossil  Mammals  of  Australia,  Part  I.  Thylacoleo  camifex^^^ 

B.  C.  Brodic. — Atomic  weight  of  Graphite,  249. 

J.  Tyndall. — Physical  Phenomena  of  Glaciers,  261. 

.    Veined  Structure  of  Glaciers,  270. 

.     Vol.  cxlix.  Part  n.     1860. 

J.  H.  Pratt— Deflection  of  the  Plumb-line  in  India,  745. 

.    Influence  of  the  Ocean  on  the  Plumb-line  in  India,  779. 

R.  Owen.— The  Megatherium,  Part  V.,  800  (5  plates). 


Vol.  cli.  Part  1.    1860. 


A.  Matthiessen. — Specific  Gravity  of  Alloys,  177. 
Society  for  the  Suppression  of  Mendicity.    43rd  Report.     1861. 

Society  of  Arts.   Journal.    Vol.  ix.    Nos.  437-449. 

J.  Milligan. — Tasmania^  its  Character,  Products,  and  Resources,  377. 
I).  Campbell. — Economic  Historjr  of  Paraffine,  393. 
Consular  Information  (Mines  of  Honduras,  Mexican  Copper-minea, 
Minerals  of  Siam),  649,  573. 

Teign  Naturalists'  Field-club.    Report  of  the  Proceedings,  1860, 
1861. 

Vienna.    Jahrbiicher  der  k.-k.  Central- Anstalt  fiir  Meteorologie  and 
Erdmagnetismus.     Vol.  ^-ii.     Jahrgang  1855.     I860. 

.    Sitzungsberichte  d.  k.  Akad.  d.  Wlssensch.,  math.-iiatiinr. 

Classe.    Vol.  xlii.    Nos.  22-28.    1861. 

A.  Schrauf. — ^Bestimmung  der  optischen  Constanten  kxyataDimrttt 

Korper,  107  (  plate). 
F.  Roue. — ^Ueber  eimge  neue  oder  wenig  gekannte  MoUiiakai-Aitea 

ana  Secondax- A.Ua^s^x«n^n)  261  (plate). 


DOKATIOKS.  665 

Vienna.    Sitzungsborichtc  d.  k.  Akad.  d.  Wissensch.  (c(ynttnued). 

W.  Ilaidinffer. — Die  Mercoritenfallo  von  Quenggonk  bei  Bassein  in 

Pegu  und  Dhunnsala  im  Punjab,  301. 

.    Ueber  das  Meteoreiaen  von  Tula,  507. 

A.  E.  Reuss. — ^Beitrage  zur  Kenntniss  der  tertiaren  Foraminiferen- 

Fauna  (die  Foramimferen  dos  Crags  von  Antwerpen),365  (2plate8^. 
Tb.  Wertheim. — Analyse  des    Frwiz-Josepbs-Bades    ^'Tuflfer"  in 

Siid-Steiennark,  470. 
G.  Tscbennak. — ^Analyse  des  Granates  von  Dobscbau,  682. 
R  Suess. — Ueber  die  secundaren  Brachiopoden  Portugals,  589  (plate)« 

Warwickshire  Naturalists'  and  ArcbaDologists'  Field-dub.    I860. 

P.  B.  Brodie. — ^Tspeous  Eocks  of  the  South  Staffordshire  Coal-field|  5. 
Geology  of  Bewoley,  Trimpley,  &c.,  12. 

Yorkshire  Philosophical  Society.    Annual  Report  for  1860.     1861. 

Zoological  Society.    Proceedings,  1860,  Part  III.    1861. 
A.  Newton. — ^Bones  of  Dodo  from  the  Mauritius^  443. 


II.  PERIODICALS  PURCHASED  FOR  THE  LIBRARY. 

Annals  and  Magazine  of  Natural  History.     8rd  Series.     Vol.  yii. 
Nos.  39-42.    March-Juno  1861. 

H.  Seeley. — ^Red  Limestone  of  Hunstanton,  233. 

.    New  Species  of  fossil  Gasteropods  from  the  Upper  Greensand 

of  Cambridge,  281  (plate). 

.  New  Fossil  Echmodems  from  Cambridge;  365. 

M.  Schultze. — Cormupira  and  the  Forammiferaj  306. 

J.  Phillips's  '  Life  on  the  Earth,'  noticed,  369. 

C.  C.  Blake. — Discovery  of  Macrauchenia  in  Bolivia,  441. 

Edinburgh  New  PhilosophicalJoumal.  New  Series.  No.26.  Yol.ziii« 
No.  2.     April  1861. 

W.  J.  Henwood. — Silver  produced  in  Cornwall,  173. 

W.  S.  Svmonds.    Ridl way-cuttings  and  Tunnds  between  Worcester 

and  Hereford,  204  (plate). 
J.  W.  Dawson's  '  Archaia,'  noticed,  291. 
T.  Oldham.— Slate  in  India,  333. 

Institut,  r.    I"  Section.    Nos.  1420-1433. 

n«  Section.    Nos.  302-305. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 

Leonhard  und  Bronn's  Neues  Jahrbuch  fur  Min.,  &c.    Jahzg.  1861, 
2teB  Heft. 

J.  Nogeerath. — ^Das  Gedi^n-Blei  von  Madera,  129. 

Th.  Sheerer. — ^Ueber  die  Krystall-Form  des  Gadolinits,  134  (plate). 

A.  Knop. — ^Ueber  Pseudomorphosen  einer  pisolitischen  Subetanx  nadi 

Cordierit  aus  dem  Granit  von  Heidelberg,  142. 
8.  Sness. — ^Numerische  Uebersicht  der  Klasse  der  BrachiopodoDi  154. 
Letten:  Notices  of  Mineralsi  Gkologyi  and  Fossils. 
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III.  GEOLOGICAL  AND  MISCELLAXEOUS  BOOKS. 

Names  of  Donors  in  Italics. 

Annales  Hydrographiques,  recueil  d'avis,  instructions,  documents 
et  mdmoires  relatife  k  rHydrographie  et  hh.  Navigation.  Tome 
16»",  ann<<e  1859,  1859;  tome  17"%  ann^  1860,  1860;  tome 
18'»«,  ann^  1860, 1860.     From  the  Depot  de  la  Marine. 

Annuaire  des  Marees  des  Cotes  de  France  pour  Pan  1861.  Par  A.  M. 
R.  Chazallon  et  L.  Gaussin.    1860.    From  the  Df^ot  de  ta  Marine. 

Barrande,  J.  Documents  anciens  et  nouveaux  sur  la  fiiuno  pri- 
mordiale  et  le  Syst^me  Taconique  en  Amoriquo.     1861. 

,  W.  Logan,  and  J.  Hall.      Correspondence   on  the  Taconic 

System  and  the  age  of  the  Fossils  found  in  Northern  New  Eng- 
land.    1861.     From  the  Editors  of  Silliman^s  Journal. 

Bell,  T.  Mineral  Veins :  an  enquiry  into  their  origin,  founded  on  a 
study  of  the  Auriferous  Quartz-veins  of  Australia.     1861. 

Catalogue  ohronologique  des  Cartes,  Plans,  Vues  de  Cotes,  Memoires, 
Listanctions  Nautiques,  &c.    1860.   From  the  Depot  de  la  Marine, 

of  the  Philosophical  Apparatus,  Minerals,  Geological  Speci- 
mens, &c.  in  the  possession  of  Dr.  Daubeny.  1861.  I^'om  Br. 
Davhenif,  F.G.8. 

par  ordre  gcographiqne  des  Cartes,  Plans,  Yuee  de  Cotes, 

Mdmoires,  LislxuotionB  Nautiques,  &c.    I860.     Fromjhe  Dipoi  de 
la  Marine, 

.  Yerzeichniss  der  BibUothek  und  Eartensammlung  des  Pro- 
fessors Bitters,  &c.  Dr.  C.  Bitter  in  Berlin.  11.  Th^:  Land- 
kartensammlung.     1861.     From  the  Publishers. 

Catalogues  of  the  Natural  History  Collections  in  the  British  Museum. 
From  the  Trustees  of  the  British  Museum. 

List  of  Osteological  SpedmeiiB.    1847, 12mo. 

Catalogue  of  Mammalia.    Part  1.  Cetaoea.    1860, 12nio.  (plates). 

.    Fart  2.  Seals.     1850.    12mo.  (woodcuts). 

.    Parts.  Ungulata Furcipeda.    1852.     12mo. 

list  of  Mammalia.    1843.    12mo.  {plates). 

and  Birds  of  Nepal,  presenteaby  B.  H.  Hodgson,  Esq.    1846.   ISmo. 

Catalogue  of  Mammalia  and  Birds  of  New  Ghnnea.    1869.   Bnk 

oftheBirdsoftheTropicalIslandsofthePaoifi&    1869.   8?o. 

-^^  oi  the  Genera  and  Subgenera  of  Birds.    1855.    12iiio. 
List  of  Birds.    Fart  1.  Aocipitres.    2nd  edition.    1848.    I2a», 

.    Part  2.    Passeres.    Sect  1.  Eissirostres.    1848.    12ido. 

.    Part  3.  Sect.  1.  Bunphastidft.    1855.    12ma-496ot  9L  PMlMidB. 

1869.    12mo. 

.    FM4.   Oolumbe.    1856.    12mo. 

Catd^ofShialdBeptilM.  Parti.  Tertndinata (Torteito) (vilh plsto). 

ofBepialei.  Y^X.IssMaM^ta    1841   12bio. 
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Catalogues  of  the  Natural  History  Collections  in  the  British  Museum 
(continiied). 

Catalogue  of  Reptiles.    Part  2.  Lixards.    1845.    12mo. 

.    Parts.  Snakes.    1849.    12mo. 

—  of  Colubrine  Snakes.    1858.    12mo. 

^—  of  Amphibia.     Part  2.  Batrachia  Gradientia,   Ac.     1850.     12mo. 

(plates). 

of  Batrachia  Salientia.     1858.   8to.  (pUtes). 

List  of  Fish.    Part  1.  Chondropterygii.     1851.    12mo.  (plates). 
Catalogue  of  Fish,  collected  and  described  bj  L.  T.  Ght>now.     1854.    12mo. 

of  Lophobranchiate  Fish.    1856.     12mo.  (plates). 

of  Apodal  Fish.    1856,  8to.  (plates). 

of  Acanthopterygian  Fishes.    Vol.  i.,  1859,  8vo.  j  VoLii.,  1860,  8to. 

of  Lopidopterous  Insects.    Part  1.  Papilionidie,  &c.    1656.    l^o. 

.    Part  2.  Erycinidaa,  &o.     1847.    12mo. 

— .    Part  3.  Appendix  to  PapilionidsB,  EryoinidsD,  Ao.    1848.    12mo. 

.    Part  1.  Papilionidss.    1852.    4to.  (coloured  plates). 

list  of  Lepidopterous  Insects.     Parts  1  to  7.  Lepidoptera  Heterocera. 

1854-1856.    12mo. 

.    Parts.    Sphingidas.  Parts9tol5.  Noctuida.    1856*1858.     12mo. 

.    Part  16.  Deltoides.    1858.    12mo. 

.    Parts  17  to  19.  Pyralides.    1859.    12mo. 

.    Part8  20, 21.  G^eometrite8.    1860.    12mo. 

of  Hymenopterous  Insects.    Part  1.  ChaleididsD.    1846.    ISino. 

.    Part  2.  Additions  to  Chalcididae.     1848.    12mo. 

Catalogue  of  Hymenopterous  Insects.    Part  1.  Andrenidie  iAd  Apids. 

1853.    12mo.  (plates). 

.    Part  2.  Apidae.     1853.    12mo.  (plates). 

.    Part  3.  Mutillidad  and  PompilidA.    1855.    12mo.  (plates). 

.    Part  4.  Spbegidte,  Slo,    1856.    12mo.  (plates). 

.    Part  5,  VespidsD.    1857.    12mo.  (plates). 

.    Part  6.  Formicidfls.    1858.    12mo.  (plates). 

.    Part  7.  Dorylid£B  and  Thynnid«.    1859.    12iiio.  (plmtos). 

List  of  Dipterous  Insects.    Parts  1  to  4.    1848-1849.    l&io. 

.    Part  5.  Supplement  I.    1854.    12mo. 

.    Part  6.  Supplement  II.    1854.    12mo.  (woodcuts). 

.    Part  7.  Supplement  HI.    1854.    12mo. 

Catalogue  of  Halticidae.    Part  1.  PhTsapodes  and  (Edipodes.    1860.   8to. 
List  of  Homopterous  Insects.    Part  1.    1850.    12mo. 

.    Parti    1850.    12mo. 

.    Part  3.     1851.     12mo. 

.    Part  4.    1852.    12mo.  (plates), 

.    Supplement    1858.    12ino. 

.    Hemipterous  Insects.    Part  1.    1851.     ISkno.  (plates). 

.    Part  2.    1852.    12mo.  (plates). 

Catalogue  of  Orthopterous  Insects.  Part  1.  Phasmidie.  1850.  4to.  (plates). 
Nomenclature  of  Coleopterous  Insects.    Parti.  Getoniadft.    1847.    12mo. 

.    Part  2.  Hydrocanthari.    1847.    12mo. 

.    Part  3.  Bupresfadie.    1848.    12mo. 

.    Part  4.  Cleridffi.    1849.    12ma 

Part  6.  PassaUdsB.    1852.    12mo.  (plates). 

Catalogue  of  Coleopterous  Insects.    Part  7.  Longicomia,  I.    1863.    12mo. 

(plates). 

.    Part  8.  Longioomia»  II.    1855.    12mo.  (plates). 
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On  the  Succession  of  the  Mamkalian  Fajjixm  in  (he  Testubt  Babik 
of  Vienna.     By  Prof.  E.  Suess. 

[Proceed.  Imp.  Acad.  Vienna,  toI.  xxxix.  1860,  p.  151,  &c] 

The  later  Tertiaries  of  the  Vienna  Basin  have  experienced  so  few 
considerable  disturbances  that  a  geologist  may  easily  trace  the  chief 
strata  filling  up  this  basin,  as  they  follow  its  margin  in  concentric 
zones,  with  scarcely  any  interruption.  Marine  deposits,  dipping  from 
every  side  of  the  extreme  margin  beneath  the  more  recent  central 
deposits,  are  those  of  most  ancient  date,  although  they  generally 
crop  out  on  the  highest  points  of  absolute  level.  These  strata  in- 
clude innumerable  remains  of  MoUusca,  Crustacea,  Zoophyta,  and 
Foraminifera,  described  by  MM.  D'Orbigny,  Eeuss,  and  Homes,  and 
imbedded  in  layers  of  sand,  rolled  pebbles,  limestone,  marls,  or 
plastic  clay.  Great  local  variety,  both  in  petrographical  and  palaeon- 
tological  respect,  is  conspicuous  in  these  strata,  although  special 
researches,  continued  through  years,  prove  beyond  doubt  that  nearly 
all  of  them  (Sands  of  Neudorf,  Leitha-limestone  of  Steinabrunn, 
•Tegel*  of  Baden  and  Voslau,  &c.)  have  been  contemporaneously 
deposited  on  the  bottom  of  one  and  the  same  sea, — their  differences 
not  being  more  striking  than  those  at  present  occurring  in  different 
sea-zones ;  for  instance,  of  the  Mediterranean. 

The  littoral  zone  ascends  the  slope  of  the  hills,  marking  the  an- 
cient shores,  to  a  level  of  1300  feet.  At  this  time,  the  Vienna  region 
had  its  greatest  depth  beneath  the  level  of  the  sea ;  and,  in  con- 
sequence, the  communication  between  the  Tertiary  seas  of  Europe 
was  more  open  than  at  any  other  period :  no  wonder,  therefore,  that 
under  favourable  climatal  circumstances  so  many  species  could 
wander  thither  from  their  distant  habitats.  The  occurrence  there  of 
forms  bearing  a  Mediterranean  or  Indian  type  is  a  well-known  fact. 
Dr.  Homes,  in  his  splendid  work  on  the  fossil  Mollusca  of  the 
Vienna  basin,  also  describes  species  reminding  us  of  those  at  present 
living  in  the  West- African  seas,  such  as  Cypraea  mnguinolenta,  Buc- 
cinum  lyratum,  Oliva  fiammulata,  <&c. 

M.  Laurent,  in  his  report  on  the  boring  of  Axtoslasi'^«3^V^*^^ 
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Sahara*,  has  remarked,  that  the  portion  of  this  desert  lying  to  the 
south  of  the  French  possessions  bears  decidedly  the  character  of  an 
ancient  gulf,  formerly  connected  with  the  Mediterranean,  in  the 
environs  of  Gabes.  Littoral  terraces  (the  last  and  most  conspicuous 
of  them  called  **  Coudiat  el  Dehor  ")  exhibit  a  continuous  series  of 
"  Falaises,''  nearly  parallel  to  the  original  northern  outlines  of  the 
basin,  indicating  the  successive  level  of  the  waters  and  their  gra- 
dual diminution.  Cardium  edule,  imbedded  in  sand  identical  with 
the  sand  on  the  present  Mediterranean  shores,  abounds  on  the  sur- 
face in  certain  places,  apparently  indicative  of  shore-lines  recently 
laid  dry ;  the  retreat  of  the  waters  having  proceeded  fi-om  the  Vest- 
em  Sahara  (500-GOO  metres  above  the  present  sea-level)  to  the  east- 
cm  portion  of  the  desert  (now  86  metres  beneath  this  level  in  the 
Schott  Melr'ir).  Several  naturalists  have  observed  Cardium  (dale 
still  living  in  ponds  within  the  desert,  and  Ci/prcea  Moneta  had  been 
asserted  to  have  been  taken  in  the  upper  course  of  the  Nigert.  A 
wide  plain  south  of  the  Aures  Mountains  is  covered  with  depositB 
characterized  as  littoral  by  the  presence  of  Cardium  eduU  and  an 
abundance  of  rolled  pebbles.  This  ocxiurs  in  a  desert,  the  level  of 
which  is  not  unfrequently  lower  than  that  of  the  nearest  sea.  M. 
Buvryj:  gives  to  the  Melr'ir  a  higher  level  than  M.  Laurent  don^ 
and  indicates  the  Schott-es-Selam,  to  the  east  of  it,  as  the  maxiinu 
of  depression  (—85  metres) ;  at  the  same  time  mentioning  the  occu^ 
renee  between  £1  Faid  and  the  Oasis  Mraie'r  of  depressions  of  —41, 
—76,  —35,  —28,  and  —20  metres ;  the  ground  rising  again  south- 
ward in  the  direction  of  Tuggurt. 

The  facts  stated  by  Caillid,  and  the  lately  published  results  of 
M.  Panet's§  explorations,  make  it  probable  that  analogous  traces  of 
comparatively  recent  marine  formation  may  be  followed  as  far  as  the 
Atlantic  coast.  No  hypsometrical  measurements  of  these  regions  are 
known  at  present ;  the  constitution  of  the  desert,  however,  and  the 
local  impr^nation  of  its  soil  with  sea-salt  may  give  some  indict* 
tions  in  this  respect.  M.  Panet  speaks  of  organic  remains  and  ac- 
cumulations of  broken  shells  between  alternating  layers  of  salt  and 
red  clay  as  occurring  in  the  "  Great  Sebcha,"  an  extensiyc  region 
abounding  in  salt  and  spreading  to  the  S.W.  along  the  western  dope 
of  the  Idjil  Eange  in  the  district  of  Aderer.  It  is  to  be  hoped  thit 
enterprising  travellers  may  soon  procure  us  a  more  detailed  know- 
ledge of  the  traces  of  this  line  of  communication,  so  important  for 
the  study  of  geological  geography,  as  joining  the  present  Mcditena* 
nean  exactly  south  of  the  point  where  the  submarine  ridge,  numing 
from  south-western  Sicily  to  Tunis,  manifests  conspicuonaly  its  in- 
fluence on  the  distribution  of  marine  animals. 

It  is  a  fact  worth  attention,  that  extensive  sea-shores,  rising  voj 
slowly,  are  generally  covered  exclusively  with  sand,  roUed  pebbk% 

*  Bulletin  de  la  Soci^t^  O«olodque  de  France,  1857,  vol  m,  p.  61& 
i  See  Auoapitaine  in  Gu^rin-M^nerille's  Berue  et  Manuriii  de  SSodlocieL  IM 
p.  237.  «—«•-* 

i  See  ZeitKhrift  fur  d.  alkemeine  Erdkunde,  1858,  iv.  p.  298. 
%  PetormiDxCt  Qitogev^  iKsNObd^^      \fia9,  ^«  101. 
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and  remains  of  strictly  littoral  shells.  An  instance  of  this  fact,  on 
nearly  as  large  a  scale,  is  offered  by  the  great  terraced  plains  de- 
scribed by  Darwin*  as  extending  jBrom  the  Eio  Colorado  to  Magel- 
haen's  Straits,  and  overstrewcd  with  sand,  rolled  pebbles,  and  re- 
mains of  shells  identical  with  littoral  species  of  the  present  age. 

This  first  period  of  a  communication  opened  to  a  marine  fauna  of 
prevailing  southern  (especially  Mediterranean)  character  was  fol- 
lowed by  an  upheaval  (proceeding  chiefly  from  west  to  east),  and, 
consequently,  a  restriction  of  the  water-surface.  Prior  to  this  up^ 
heaval,  a  Imo  of  Jurassic  shoalst  (girded  and  partly  overlain  by 
reefe  of  Nulltporas),  commencing  near  the  northern  margin  of  the 
great  fault  which  cuts  the  outer  secondary  zones  of  the  Alps  near 
Vienna,  ran  8.W.  to  N.E.  nearly  through  the  middle  of  the  Tertiary 
sea  at  this  time  occupying  the  basin :  subsequently  the  whole  area 
west  of  these  shoals  was  laid  dry.  The  water-surface  of  the  Vienna 
basin  was  then  reduced  to  about  half  of  its  former  extent,  its  highest 
level  not  generally  rising  above  800  feet.  This  is  the  epoch  of  the 
Cerithian  strata. 

The  palffiontological  independence  of  these  deposits,  as  stated  by 
Dr.  Homes,  is  a  fact  of  the  highest  importance  for  the  true  know- 
ledge of  the  Vienna  basin.  Cephalopods,  Brachiopods,  Bryozoans, 
Crustaceans,  Echinoderms,  and  Corals  have  totally,  and  Foraminifen 
almost  totally,  disappeared  in  these  strata.  The  marine  fauna  is 
notably  diminished  in  consequence  of  the  broken  communicationB 
with  southern  seas ;  and  it  bears  a  decidedly  East-European  cha- 
racter. This  same  fauna  continued  to  coexist  in  Hungary  with  the 
trachytic  eruptions. 

Another  general  upheaval  farther  limited  the  extent  of  the  water- 
area,  and  was  followed  by  brackish  and  freshwater  deposits  with 
Melanapsts,  Cardium,  and  Congerta,  The  basin  being  now  nearly 
completely  isolated,  the  fauna  became  quite  different  from  the  pre- 
ceding one,  and  the  level  of  the  deposits  was  again  lowered.  The 
Tertiaries  immediately  following  these  "  Congerian  Strata  "  are  of 
fluviatile  origin. 

It  may  be  considered  as  a  fact  beyond  all  doubt,  that  during  this 
period  the  aquatic  fauna  of  the  Vienna  basin  underwent  several  con- 
secutive isolations,  considerable  enough  to  have  repeatedly  caused  the 
extinction  of  genera  and  species.  Having  been  persuaded  of  this 
some  years  ago,  I  began  to  follow  the  traces  of  the  terrestrial  animals 
known  to  occur  in  these  groups  of  strata,  as  I  supposed  them  to  be 
altered  by  climatal  circumstances  or  by  the  occlusion  and  re-opening 
of  commimication  with  other  zoological  provinces.  M.  H.  von  Meyer^s 
well-known  researches  on  the  fossil  Mammalia  from  the  environs  of 
Vienna  have  been  the  bases  of  my  investigation.  My  honoured  friend 
Prof.  C.  von  Ettingshausen  has  kindly  completed  them,  by  reviewing 
his  researches  on  the  Tertiary  Flora  of  Vienna,  and  by  tracing  the 
distinctive  characters  of  several  local  florse  within  this  r^on. 

The  remains  of  the  first  terrestrial  fauna  here  must  be  sought  for 

*  Journal  of  Besearches,  &c.,  pp.  201-207 :  **  On^vi)^  kaMsnis<^  ^k»^\.^^ 
t  For inBtoDce,  near Enistbriian,  QtMk:^i^tX!bSM^xass.yVBA*^\sS^ 
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tcrized  by  DinotJurium  ffiganteum,  Mastodon  hngirosiris,  Hhtnoceros 
SchUiennacheri,  Acerothen'um  hicisivum,  and  Hippoiherium  graciU ; 
in  short,  nearly  all  the  species  known  to  constitute  the  fauna  of  Ep- 
pelsheim.  Acerotherium  incisivum  and  Hippoiherium  ijracile  seem  to 
have  numerically  prevailed.  Not  one  species  is  identical  with  any  of 
the  "  marine  group,"  only  the  Dinotherium  is  still  subject  to  some 
doubts  in  this  respect.  This  is  the  "  second  fauna  "  of  terrestrial 
Mammalia.  The  contemporaneous  flora  is,  according  to  Prof.  C.  von 
Ettingshausen,  richer  in  species  than  any  other  in  the  Yienna  basin. 
Thirty  of  these  species  have  been  described*.  The  whole  flora  re- 
minds one  of  that  of  Bilin ;  and  is  somewhat  posterior  in  age  to  that 
of  Parschlug. 

The  "Tegel"  with  Congeria  and  Melanopsis  is  locally  over- 
lain by  beds  of  white  quartz-pebbles  with  external  rust-coloured 
tinge,  imbedding  here  and  there  layers  of  fine  sand.  This  deposit 
("  Belvedere  Gravel ")  is  of  fluviatile  origin.  The  whole  of  the  Mam- 
mals in  the  "  Tegel "  of  Inzersdorf  appear  again  in  it,  together  with 
Sus  palceochcerus,  known  to  oc^ur  at  Eppelsheim.  The  nature  of  the 
strata  was  less  favourable  to  the  preservation  of  the  terrestrial  flora 
than  the  clay ;  silicified  stems,  however,  of  Coniferce,  and  fruits  and 
peduncles  of  a  Steinhauera  (Ett.),  are  not  of  rare  occurrence.  A 
Valvata  and  a  Helix  are  the  only  moUusca  known  at  present  to  occur 
in  these  gravels.  Notwithstanding  the  petrographical  differences, 
the  mammalian  fauna  of  the  "  Belvedere  Gravels  "  and  the  lacustrine 
plastic  clay  of  Inzersdorf  remained  identical.  The  lacustrine  molluscan 
fauna  alone  became  extinct.  The  flora  does  not  offer  sufficient  ma- 
terials for  comparison. 

The  deposits  just  mentioned  are  overlain,  to  my  knowledge,  by 
two  fossiliferous  strata  of  doubtful  contemporaneity,  merely  local  and 
restricted  in  their  extent.  The  first  of  them  is  a  clay,  found  by  M. 
Kapper,  at  the  Eichkogel,  near  Modling  (S.  of  Yienna)  t.  It  con- 
tains vegetable  remains,  which  have  been  referred  by  Prof.  C.  von 
Ettingshausen  to  the  yoimgest  tertiary  flora,  characterized  by  the 
presence  of  Salix  angusta,  Qlyptostrohus  Oeningensis,  and  Jttglans 
latifolia ;  possessing  these  species  in  common  witib  the  flora  of  Oenin- 
gen  in  Bavaria. 

The  other  of  these  deposits  is  a  bed  of.  fluviatile  rolled  pebbles, 
differing  from  those  of  the  "  Belvedere  Gravel "  by  being  less  in  size 
and  derived  from  divers  Alpine  rocks.  No  remains  of  Qie  "  Second 
Mammalian  Fauna  "  have  occurred  among  them.  In  one  case  they 
have  been  found  to  include  a  molar  different  from  that  of  ElepTias 
primigenius  (probably  of  El,  meridionalis).  To  these  strata  may 
likewise  belong  a  tooth  of  Hippopotamus ,  preserved  in  the  Imperial 
Museum  of  Yienna,  and  hitherto  the  only  remains  of  this  genus  ^own 
to  have  been  found  within  the  Yienna  basin.  These  remains  may 
be  indicative  of  a  ^'  Third  Mammalian  Fauna  "  possibly  analogous  to 
that  which  has  recently  been  called  "  Pliocene  Fauna  "  (Yal  d'Amo). 
As  fjGir  as  I  know,  this  stratum  has  been  stated  to  occur  only  within 

*  Z^nffahauMn,  in  YieoDa  GeoL  Inst.  TraoA., "  Bie  tQiin\&  'E\ssni^<nL^SfiSGLt'^ 
/  ilii2ia&  o/tfae  Ffenna  GeoL  Inst.  1889,  p.  25. 
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the  immediate  vicinity  of  Vienna  itself  ,  in  the  suburbs  of  limdstrasse 
and  Ecinprechtsdorf ;  nor  can  its  paWntological  independence  be 
asserted  yet  with  .certainty. 

The  upf^rmost  deposit  is  loam  (Loess),  with  subordinate  and  oc- 
casionally considerable  layers  of  fluviatile  rolled  pebbles.  In  this  we 
find  the  representatives  of  the  '*  Fourth  Mammalian  Fauna  "  {Elephca 
pAmigeniuSyBMnoceros  tichorhinus,  Ursus  spelceuSyHyoena  <peZ<Ba,dcc.)« 
Analogous  as  the  moUuscan  fauna  of  this  loam  is  to  that  of  the  pre- 
sent times,  certain  species  {Helix  pomatia,  H.  Austriaea,  JET.  verd'- 
dllus,  and  JET.  ericetorum)  are  absolutely  wanting  in  it ;  and  by  this 
fiegative  character  the  '*  Loess  "  may  be  conveniently  distingmshed 
from  the  loam  of  less  ancient  date,  frequently  covering  the  lowest 
portion  of  our  valleys.  This  "  Fourth  Fauna  "  is  generally  considered 
to  be  post-tertiary.  Before  its  appearance  a  small  portion  of  tlie 
Vienna  basin  had  been  again  invaded  by  sea- water ;  and  perhaps  our 
present  mammalian  fauna  may  hold  the  fifth  place  in  the  wholq  series. 

It  is  a  fact  that  several  hundreds  of  the  marine  species  of  the 
Vienna  basin  coeval  with  the  '^  First  Mammalian  Fauna  "  are  staU 
existing,  chicfiy  in  the  Mediterranean,  while  the  mammalian  fauna 
has  undergone  three  or  four  changes. 

The  more  I  recall  to  memory  these  chief  results  of  several  yean^ 
investigations,  the  more  I  see  how  each  group  of  terrestrial  or  aquatic 
animals  is  imbedded  in  strata  diiferent  in  petrographical  character,  in 
extension,  and  in  level,  every  one  keeping  up  its  independence,  while 
the  terrestrial  mammals  offer  in  some  degree  representatives  of  the 
precedent  and  subsequent  faume.  The  more  I  attend  to  change  of 
coast-line,  the  transition  of  marine  to  brackish,  lacustrine,  and  finalfy 
fiuviatile  deposits,  and  the  changes  in  the  course  of  rivers,  manifested 
by  the  diversity  of  the  gravels,  the  less  I  feel  the  necessity  of  adopt- 
ing an  hypothesis  as  bold  as  is  that  of  a  "  Species-life  "  (Artleboi), 
The  repeated  extinction  of  these  organized  beings  appears  to  me 
rather  as  a  necessary  consequence  of  the  change  of  external  condi- 
tions, as  they  may  be  traced  in  the  present  case.  Within  the  Vienna 
basin,  communication  has  prevailed  with  respect  to  terrestrial  flTiip*l«, 
and  isolation  as  far  as  aquatic  animals  were  concerned. 

The  terrestrial  flora  has  equally  undergone  more  than  one  change; 
and  possibly  the  repeated  extinction  of  mammals  may  have  been  a 
merely  secondary  fact,  connected  with  these  changes  of  vegetatioa. 

Among  others,  the  fossil  fauna  of  Pikermi,  near  Athens,  entitlfli 
us  to  suppose  that  at  least  one  or  the  other  of  the  above-mentioBed 
mammalian  faunse  was  not  spread  uniformly  over  the  whole  saifree 
of  Europe,  as  it  exists  at  tiie  present  time.  [£.  8.] 


On  Feat  and  Brown-coal.    By  Professor  Poxobht. 

[Proceed.  Imp.  Geol.  Instit  "nenna,  April  17,  I860.] 

Pbof.  Pokobkt  has  lately  visited  the  principal  Peat-bogs  of  Ai 
Austrian  Empire,  and  published  the  results  obtained  by  him  in  te 
'TransaotionB*  of  tlh^Tidm^  Ti»(^<^!^^£)(^^tiw^  SooLeiy,  in  y  ~ 
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MuBenm  he  deposited  a  collection  of  130  specimeiiB  of  Feat.  The 
yarieties  of  this  substance  may  be  distributed  into  four  groups :— > 
(1.)  Vegetables  in  progress  towards  their  conversion  into  peat; 
(2.)  Peat  in  its  proper  sense ;  (3.)  Carboniferous  resinous  substances ; 
(4.)  Half-peats.  To  the  first  group  belong  the  isolated  patches  of 
Carex  stricta,  rising  above  the  level  of  the  surrounding  moors,  and 
which  in  Hungary  are  known  under  the  name  of  <'  Zsombek,"  the 
thin  layers  of  peat  covered  with  moss,  grass,  or  rushes,  and  the 
fragments  of  wood  irc^udrd  in  peat.  To  the  second  group  belong 
the  moors  of  the  plains  overlying  inorganic  strata,  and  impregnated 
with  earthy  and  saline  particles  by  the  waters  irrigating  them,  and 
the  mountain-moors,  or  high  moors  overlying — sometimes  at  a  con- 
siderable depth — the  detritus  of  forest-,  heath-,  or  moor-vegetation, 
and  irrigated  by  water  free  from  inoi'gamc  substances.  The  plain- 
er rush-moors  produce  brown,  fibrous,  or  amorphous  peat,  of  dry 
consistence,  and,  on  their  surface,  a  vailety  (meadow-  or  pitch-turf) 
of  darker  colour  and  more  compact  structure,  but  more  mixed  with 
other  substances.  The  peat  of  ^nouwtotn-noors  is  purer ;  its  specific 
weight  (not  compressed)  varies  between  0-5  and  0-8 ;  and  it  is  espe- 
cially adapted  for  the  heating  of  boilers  and  for  metall  Ji^gical  pur- 
poses. -Aji  earthy  variety  from  Zips  (N.  Hungary)  bears  great  re- 
semblance to  the  "  Umbra"  of  Cologne.  The  "  Dopplerite"  of  Aussee 
(Styria)  and  analogous  substances  from  the  peat-bogs  of  Switzerland 
and  Berchtesgadcn,  described  by  MM.  Dcicko  and  G umbel,  consti- 
tute the  third  group.  The  half -peats  (fourth  group)  arc  mixed  with 
notable  proportions  of  inorganic  substances,  and,  although  capable 
of  slow  combustion,  cannot  bo  ranked  among  peats  if  this  portion 
amounts  to  30-50  per  cent.  [Couyr  M.] 


On  the  Geoloot  of  Western  Galicia.  By  M.  Fobtteblb. 
[Proceed.  Imp.  Geol.  Instit.  Vienna,  April  24,  I860.] 
LowEB  Secondary  deposits,  connected  on  the  W.  and  E.  with  those 
of  Hungary  (Red  Sandstone,  Triassic  Dolomite,  £ossen  and  Adneth 
strata),  appear  only  on  the  northern  slope  of  the  Tatra  mountain- 
group,  resting  on  granite  and  partly  overlain  by  Nummulitic  lime- 
stone and  menilite-slate.  A  powerful  range  of  Triassic  limestone 
runs  northward  of  the  Carpathians  from  Eozagnik  to  Innwald, 
stretching  £.  and  W.  into  Hungary;  it  is  associated  with  liassic 
and  Neocomian  marls. 

The  Neocomian  beds  (Hoheneger's  "  Teschen  Slates")  extend  W. 
and  £.  from  Biala  (Silesia)  to  Tamow  (Galicia),  and  S.  of  Biala  in 
the  same  degree  of  development.  The  Carpathian  Sandstone  pre- 
vails within  the  region  in  question.  The  lowermost^  non-fotsili- 
ferous,  strata  are  Cretaceous.  A  Fucoid  with  a  spiral  azis^  like 
Fucoidea  Brianteus,  and  common  to  the  Gosau-marls  and  to  the  Fu- 
coid-marls  near  Yienna,  occurs  in  this  sandstone  near  Neumarkt. 

The  upper  Nummulitic  (consequently  Eocene)  strata  of  the  Car- 
pathian  Sandstone  are  far  spread  about  Saypath^  Tordanow^  bet^^MOL 
jfeumarkt  and  the  Tatra ;  they  are  oveAsAXL  \x^  ^  Vica^  t&«m^  A 
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Bandstones,  alternating  in  their  basal  portion  with  black  slates,  con- 
taining (like  the  mcnilite-slates  of  the  uppermost  Eocene)  fragments 
of  Lepidopides  lepiospondylus.  Heck.,  Meletta  lonf/iinana.  Heck.,  &c. 
They  occupy  the  vallejrs  and  depressions,  and  are  highly  impregnated 
with  bitumen,  wliich  is  exploited  as  naphtha  in  several  localities. 
The  overlying  coarse-grained  sandstones,  extending  south-eastward 
to  Eastern  Galicia  and  Bukowina,  occupy  the  higher  horizons.  The 
greater  portion  of  the  argillaceous  iron-ores  worked  in  Eastern 
Galicia  are  connected  with  the  above-mentioned  black  slates.  Upper 
Eocene  Tertiaries,  abundant  in  salt,  gypsum,  and  sulphur,  are  con- 
fined to  a  narrow  band  along  the  northern  extreme  edge  of  the 
Tatra,  and  generally  disappear  beneath  a  great  deposit  of  loam 
(Loss).  Eruptive  rocks  (trachyte  and  diorite)  appear  on  a  small 
scale  in  some  few  isolated  localities.  [Count  M.] 


On  PmniNGToyiTE,  aiid  a  Mbteokite  from  East  India. 

By  DiKECTOR  W.  HAmiNGER. 

[Proceed.  Vienna  Imp.  Acad  Sciences,  June  8,  18G0.] 
A  COLLECTION  of  Indian  Meteorites  that  came  into  the  possession  of 
the  Imperial  Museum  of  Vienna  (in  June,  1860),  by  way  of  exchange, 
through  tho  good  offices  of  Messrs.  Oldham  and  Atkinson,  contains 
specimens  from  Allahabad  (Futtch-poor,  Nov.  30th,  1822),  ShaHa 
(Nov.  30th,  1850),  Segowlee  (March  6th,  1853),  Assam  (1»46, 
found  by  the  late  Mr.  Piddington),  Pegu  (brought  by  Mr.  Oldham 
from  Ava),  and  a  fragment  of  the  still  problematic  lumps  of  iron, 
weighing  156  lbs.,  foimd  on  tho  Kurrak-poor  HiUs^  near  Monghin, 
on  tho  banks  of  the  Ganges.  The  first  specimen  examined  (from 
Shalka,  1850)  has  proved  to  be  nearly  entirely  composed  of  a  ncm- 
dcscript  mineral  substance,  which  Director  Haidinger  has  named 
"  Piddingtonite,"  in  honour  of  the  late  Mr.  Piddington,  Curator 
of  the  Cfidcutta  Museum  of  Practical  Geology,  known  to  the  scientific 
world  by  his  able  researches  on  Cyclones,  and  to  whose  exertions  ve 
are  indebted  for  the  preservation  of  tho  still  extant  fragments  of 
this  originally  very  large  Meteorite,  and  for  its  first  scientific  inves- 
tigation in  the  '  Journal  of  the  Asiatic  Society  of  Bengal '  (vd.  xx. 
1852).  Piddingtonite  is  of  ash-grey  colour,  more  or  less  fine- 
grained, very  fragile,  although  of  considerable  hardness  (6*5  Mohs, 
or  between  felspar  and  quartz),  more  or  less  translucid,  of  oil-like 
brightness,  imperfectiy  deavable  in  two  directions  intersecting  at 
angles  of  about  80^  and  100^,  and  without  magnetic  action. 

The  whole  meteorite  is  of  a  breccia-like  aspect,  interspersed  with 
minute  grains  and  incomplete  crystals  of  black  chromate  of  iron ;  its 
crust  is  dark-brown,  and  nearly  opaque.  About  9  lbs.  weight  was 
saved  for  the  Calcutta  Museum,  the  rest  having  been  taken  by  the 
people  of  the  surrounding  country.  Tho  fall,  with  the  nsmil  phe- 
nomena of  light  and  detonations/  took  plabe  three  hours  before  son- 
Hse,  in  a  dear  starry  sky:  the  stone  coming  down  in  a  diieeti(A 
of  S.  to  K.,  and  Mndisi  un.  ^Umvtion  of  80^,  penetrated  3  feet  deep 
into  fhe  Bo£t  ground  ol  afv^-^€id«  ^^^^^soL^s^^^s^^Gisalmaniuq^ 
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it  was  quite  cool ;  the  surrounding  ground,  however,  had  evidently 
been  altered  by  the  action  of  heat.  The  original  size  could  not  be 
perfectly  ascertained ;  certainly  the  breadth  and  length  of  the  stone 
were  not  less  than  one  foot ;  its  height  was  probably  still  more : 
fragments  were  found  at  3  feet  depth,  and  others  were  scattered 
on  the  surface  within  20  feet  circumference.  [Couirr  M.] 


On  the  MsTEOBic  Ibok  from  Nebrjiska.    By  Dieectob  W.  Haidingeb. 

[Proceed.  Vienna  Imp.  Acad.  Sciences,  December  13,  I860.] 
A  FRAGMENT  of  a  Specimen  of  this  iron  preserved  in  the  Museum  of 
St.  Louis  (U.S.),  arrived  at  Vienna  (as  pronusod  by  Mr.  Nath. 
Holmes,  Secretary  of  the  St.  Louis  Academy)  on  October  30, 1860, 
by  the  care  of  the  Smithsonian  Institution.  The  fragment,  weigh- 
ing 1  lb.  4j^  ounces,  was  cut  in  two  pieces  parallel  to  its  longi- 
tudinal axis,  and  the  cut  faces  were  polished.  One  of  these  pieces^ 
2^  inches  in  length,  2  inches  in  breadth,  and  10  lines  thick  where 
it  is  thickest,  shows  on  one  side  the  original  surface,  nearly  even, 
with  very  shallow  depressions  confined  by  rounded  edges,  and  with 
some  trace  of  the  dark-brown  crust  still  preserved  in  the  con- 
cavities. The  weight  of  this  piece  is  8^  ounces.  The  plane  of  the 
cutting  shows  strings  of  whitish  colour  indicative  of  crystalline 
structure  ("  Widmannstetten's  figures  ") ;  and,  by  a  lucky  chance^ 
the  direction  of  the  cut  fell  nearly  parallel  to  the  plane  of  an 
octahedron.  The  "  stripes  "  intersecting,  at  angles  of  60°  and  120°, 
the  triangular  and  rhombic  "intormeiato  areae"  between  "pro- 
jecting borders"  of  Schreibersite  are  conspicuous  over  the  whole 
surface,  after  having  been  submitted  to  the  etching-process,  and 
keep  a  constant  and  perfectly  parallel  disposition.  It  cannot, 
therefore,  bo  doubted  that  this  iron  wont  through  a  process  of 
crystallization  during  a  period  as  yet  unmeasurable. 

The  cleavage  or  lamellar  structure  parallel  to  the  planes  of  the  cube, 
as  it  appears  on  the  meteoric  iron  of  Hauptmannsdorf,  near  Braunau 
(July  14, 1847),  is  not  conspicuous  on  the  Nebraska  iron ;  nor  does 
the  latter  show  the  damask-liko  crystalline  patterns  of  the  irons  of 
Bohumilitz  and  Basin.  It  exhibits  rather  the  genuine  ''  Widmann- 
stetten's  figures,"  such  as  are  conspicuous  on  the  meteoric  irons  of 
Elbogam,  Agram,  and  Aurange ;  coming  next  in  texture  to  the  largo 
1-635  lb.  mass  from  Red  River  (Louisiana),  or  to  the  iron  from 
Texas  (Vala  Colhija)  described  and  autotyped  in  SUliman's  *  Ameri- 
can Journal.*  The  white  zigzag  lines,  conspicuous  in  the  figure,  are 
produced  by  crevices  in  the  crystalline  substance,  parallel  to  the 
planes  of  the  octahedron.  The  white  round  spots  indicate  the  places 
where  the  action  of  the  acid  has  penetrated  to  a  greater  depth  around 
central  particles  of  sulphuretted  iron. 

The  second  piece  obtained  by  cutting  is  of  10  ounces  weight,  nearly 
4  inches  in  length,  2\  in  breadth,  and  -^  to  A  inch  in  thickness. 

An  excellent  lithographic  figure  of  the  Nebraska  iron,  in  the 
'  Transactions '  of  the  St.  Louis  Academy,  vol.  i.,  shows  it  from  the 
side  which  may  be  supposed  to  be  that  opposite  to  the  ^i^tion  of 
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the  meteor  during  its  conrse  through  the  atmosphere^  as  it  presenis 
a  great  number  of  such  shallow  depressions  as  are  so  conspicuous  in 
the  Meteorite  of  Gross  Divina,  which  fell  July  24,  1837.  (See 
Haidingor,  *  Proceedings'  Vienna  Academy,  vol.  il.  1860,  p.  628.) 

According  to  Mr.  N.  Holmes,  the  iron  in  question  was  found  on 
the  right  shore  of  the  Missouri,  in  the  Nebraska  Territory,  20  miles 
from  Fort  Pinoon  (44°  19'  N.  Lat.,  100°  26'  W.  Long,  from  Green- 
wich), in  1857,  by  Mr.  C.  P.  Chouteau,  who  in  the  spring  of  the 
following  year  presented  it  to  the  Academy  of  St.  Louis.  "Wlien  first 
found,  its  surface  was  but  very  little  altered  by  rust. 
Mr.  A.  Prout  analysed  it,  and  found 

Iron 94-288  per  cent. 

Nickel 7-185       „ 

Magnesium -650       ,, 

Calcium -350       „ 

Sulphur a  vestige 

102-473 

No  trace  of  cobalt,  manganese,  chrome,  or  any  other  subetancet 
besides  the  five  named  above  could  be  made  out.  Perhaps  the 
"projecting  borders,"  supposed  above  to  be  Schreibersite,  mij 
prove  upon  closer  examination  to  consist  of  a  phospburet  of  iroA 
and  nickel.  The  specific  weight  of  the  whole,  at  a  temperature 
of  +  12°,  is  7-362 ;  it  may  be  supposed  to  be  somewhat  higher 
in  smaller  fragments,  as  superficial  crevices  seem  to  indicate  the 
existence  of  internal  solutions  of  continuity.  [Couirr  M.] 


On  the  LiAssic  Flora  of  Trahstlvaioa.     By  Fiunz  von  Haubb. 
[Proceed.  Vieima  Imp.  QeoL  Instit,  March  13,  I860.] 
A  COLLECTION  of  plauts  made  by  Prof.  Meschendbrfer,  of  Kronstadt, 
from  a  black  slate  at  Holback  and  a  light-yellow  micaceous  qnartz- 
ose  sandstone  at  Neustadt,  in  the  Siebenbiirgcn,  which  are  regarded 
as  equivalent  to  the  "  Gresten  Strata  "  and  of  liassic  age,  conasts  of 
the  following  species : — 
a.  From  Holback. 

Cyclopteris,  sp.  (?) ;  fragments  of  a  very  large  species. 
Anthopteris  meniscoides^^rofi^.  (Found  also  near  Bayrenth.) 
Taeniopteris  vittata,  Brongn, :  not  well  preserved.     (Foond 

also  in  England.) 
2^aniites  Schmieden,  Stemh. :  badly  preserved,  but  distinct. 
(Found  also  in  Franconia  and  in  the  Liassic  Coal  of 
Steierdorf.) 
Zamites,  sp.  (or  Pterophyllum  ?) ;  in  fragments. 
Ptcrophyllum  rigidum,  Andr,    (Also  found  at  Steierdorf.) 
Cunninghamites  sphenolepis,  Braun,    (Found  also  in  IVraeo- 
nia  and  at  Fiinfkirchen  in  Hungary.) 
h.  From  Neustadt. 

Zamites  Schmiedeli,  Stemb,    A  large  specimeii,  besotiAilllf 
praN(rv^4 
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Zamites,  n.  sp.    (Also  found  at  Steierdorf  and  in  the  Tene- 

tian  Alps.) 
PterophyUum  rigidum,  Andr, 
This  flora  may  be  considered  as  identical  with  that  of  Steierdorf 
in  Banat,  and  consequently  with  that  of  the  Lettenkohle  of  Bayreuth, 
belonging  to  the  horizon  of  the  "  Bone-bod."  [Count  M.] 


On  the  Fossil  Shslls  of  the  Fseshwateb  Tebtiabies  of  Bohemia. 
By  Prof.  A.  E.  Keuss. 
[Proceed.  Vienna  Imp.  Acad.  Sciences,  June  8,  I860.] 
The  moUuscan  species  at  present  known  to  occur  in  the  freshwater 
tertiary  limestones  of  Bohemia  amount  to  68,  distributed  as  follows :' 
— Cyclostomacta  1,  Aciculacea  2,  ffelidnea  50,  Limncea^^ea  12,  Cv- 
cludida  3.  Among  the  50  Helicinea  there  are  24  species  of  ffeha, 
3  of  BuUmus,  6  of  Glandina,  7  of  Pupa,  and  7  of  Clausilia.  The 
prevalence  of  ClnusiU<B  (nearly  all  of  new  species)  gives  a  particular 
feature  to  this  faima,  as  they  abound  in  it  more  tiian  in  any  other 
locality  of  analogous  nature.  Among  them,  Clausilia  vtdgata  and 
CI.  peregrina,  Keuss,  are  already  described :  the  new  species  (Cl. 
tenuisciilpta,  CI,  denticulatUy  Cl.polyodon,  and  CI,  amphiodon)  are  all 
very  nearly  related  to  the  present  European  forms.  A  shell  of  the 
family  Limnceacea  constitutes  a  new  generic  type,  named  "  Acro^ 
chaema  *'  on  account  of  the  structure  of  its  sheU.  The  only  known 
species  (Acrochasma  tricarinatum,  Eeuss)  has  a  trilateral  pyramidal 
shell  rounded  below  in  its  whole  amplitude,  with  one  posterior  con- 
cave, and  two  lateral  slightly  convex  planes,  ending  upwards  in  an 
acute  reflected  apex,  beneath  with  a  longitudinal  aperture  through  th« 
shell,  which  in  its  living  state  seems  to  have  been  covered  with  iui 
epidermis.  The  new  genus  stands  next  to  Ancylus,  and  may  be  con- 
sidered as  a  freshwater  representative  of  the  marine  genus  FissweUa. 

Among  the  68  species  from  the  Bohemian  freshwater  limestones, 
15  (or  nearly  4th)  are  identical  with  those  from  the  analogous  deposits 
of  Hochheim,  in  the  Mayence  basin.  Eleven  other  species  bear  such 
a  resemblance  to  some  from  the  same  locality  that  they  may  be  said 
to  represent  them.  From  these  facts  it  may  be  concluded  that  the 
Bohemian  and  the  Mayence  freshwater  limestones  were  coeval. 

[Count  M.] 

On  the  Geology  of  Soxtth-Eastern  Httwoabt.  By  Prof.  Pbtbbs. 
[Proceed.  Vienna  Imp.  Acad.  Sciences,  June  8,  I860.] 
The  mountainous  district  of  Bihar,  well-known  for  the  rich  metalli- 
ferous veins  and  the  fine  mineralogical  specimens  of  Kczbdnya,  lies 
enclosed  between  the  metalliferous  mountains  of  Banat  and  N.E. 
Hungary,  the  Transylvanian  Highlands,  and  the  great  Centre-Hun- 
garian plain.  Its  stratified  deposits,  save  some  peculiarities  in  their 
development,  are  the  same  as  at  Banat :  its  structure  and  connexion^ 
as  a  whole,  with  its  main  range,  its  intervening  hills,  and  its  partly 
isolated  eruptive  masses  remind  one  as  much  of  the  uniform  mica* 
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schist  ranges  in  the  Koros,  Sz^imos,  and  Bercttyo  valleys,  as  of  the 
masses  aroand  Nogybdnya.  The  red  slates  and  sandstones  (probably 
"  Old  Eed  ")  and  the  Carboniferous  strata  immediately  overlying  the 
mica-schists  of  the  Banat  are  again  met  with  in  the  Bihar  momitain- 
group.  The  liassic  limestones  and  sandstones  (although  non-carbo- 
niferous) are  well  developed  and  identical  with  the  Alpine  ''  Grcsten 
strata."  Triassic  strata  and  those  intervening  between  Trias  and  lias 
seem  to  be  totally  wanting. 

Jurassic  deposits  intimately  connected  with  Neocomian  strata  are 
represented  by  Carpathian  (iiflf-limestones  and  (probably)  "  lOans 
strata."  The  tertiary  Congerian  day  is  of  general  occurrence  as  far 
as  the  foot  of  the  high  mountains ;  Ccrithian  strata  nowhere  ad- 
vancing so  fur  upwards.  The  Neogene  deposits  of  Bihar  agree  exactly 
with  those  of  Central  Hungary.  Among  the  massive  rocks,  a  strati- 
fied euritic  porphyry  with  remarkable  tuffs,  porphyroid  rocks  of  less 
remote  date,  and  a  particular  variety  of  syenite  of  relatively  very 
recent  date  are  conspicuously  prevalent.  All  these  rocks  have  acted 
most  powerfully  in  the  disturbance  of  strata  and  in  the  distributioa 
of  metalliferous  minerals.  A  large  mass  of  trachyte  and  an  emptiTO 
rock  of  the  variety  named  "  Rhyolite  "  by  Baron  Richthofen  haw 
been  observed.  [Couwr  M.] 


On  the  Metallifehous  Deposits  in  S.E.  Hungary.     By  Prof.  Petsss. 

[Proceed.  Vienna  Imp.  Acad.  Sciences,  July  12,  I860.] 

TnE  rich  deposits  of  lead-  and  copper-ores,  exploited  in  the  distrot 
of  Kozbanya,  are  not  veins,  as  generally  supposed,  but  massires, 
associated  with  clastic  rocks  and  intercalated  into  Jurassic  and  2^co- 
comian  strata.  The  eruptive  rocks  (syenite  and  greenstones)  con- 
nected with  them  are  concerned  in  the  origin  of  these  metalliferous 
deposits ;  their  violent  action  having  caused  disruptions,  into  which 
the  ores  were  subsequently  deposited.  At  a  certain  depth  ores  are 
found  together  with  rocks  produced  by  contact,  and  mineralogically 
analogous  to  the  woUastonite-rock  of  Banatj  and  in  some  sort  with 
those  of  Monzoni  (S.  Tyrol),  Mount  Vesuvius,  &c. 

The  magnetic  iron-ores  occur,  as  in  Banat,  at  the  contact  U 
syenite  and  Jurassic  limestone,  and  are  of  great  importaiicc,  espe- 
cially near  Potrosz,  although  still  neglected  for  want  of  capital 
More  than  60  mineral  species  occur  in  the  mining  district  of  Bei- 
bdnya.  Among  them,  simple  and  binary  compounds  of  teUurioA 
with  silver,  copper,  and  arsenic,  buratite  (Delesse),  associated  wiA 
smithsonite  and  calcareous  spar,  linarite  and  calcdonite,  connected 
with  carbonate  of  lead  and  galena,  brochantite  (not  stanniferous,  ai 
Prof.  Magnus  thought  it  to  be),  a  new  hydrosUicate  of  magneflii» 
potash,  and  alum  (erroneously  named  agabnatolite),  and  a  hjdnh 
borate  of  soda  and  magnesia  (very  probably  isomorphona  with  fli 
boro-caldte  of  Iquique),  appearing  in  the  shape  of  mictoaoopui 
adcular  groups  in  a  granular  limestone  modified  by  contact^  detent 
portiealar  attention.  [Coitiit  1L] 
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(hi  tlie  Formation  of  the  Volcano  of  Joextllo,  Mbiico. 
By  M.  H.  D£  Satjssubz,  of  Geneva. 

[Bulletin  de  la  SocUtd  Vaudoise  des  Soienoefl  NatureUesM  1859,  No.  45,  toI.  ri. 
pp.  195-197.  (Stance  dn  22  Jiiin,  1859.)] 

It  is,  this  very  year,  precisely  a  century  since  the  fine  valley  of 
Jorullo  witnessed  the  transformation  of  its  surface^  previously  covered 
with  plantations  of  indigo  and  sugar-cane,  into  a  barren  sheet  of 
stony  lava.  This  catastrophe  had  for  one  of  its  results  a  perfectly 
characterized  volcanic  mountain,  which  suddenly  sprung  up  on  the 
surface  of  the  globe,  with  unexampled  rapidity  and  grandeur  of  pro- 
portions. 

The  importance  of  this  phenomenon  in  a  geological  point  of  view 
is  great,  from  the  conclusions  to  which  it  has  been  supposed  to  lead. 
Too  much  attention  therefore  cannot  be  given  to  the  study  of  its 
mode  of  action,  especially  as  the  latter  has  been  wrongly  interpreted, 
and  has  been  applied  to  support  theories  of  an  absolutely  unfounded 
character. 

Humboldt,  who  visited  the  volcano  only  forty-three  years  after  its 
first  appearance,  considered  it  as  the  consequence  of  upheaval  {sou- 
Ihvement),  According  to  him,  the  immense  sheet  of  lava  which  sur- 
roimds  tiie  mountain  is  the  result  of  a  softening  of  the  pre-existing 
surface-soil  {sol)  by  gases,  and  its  inflation  from  beneath  like  a 
bladder.  The  border  of  this  sheet  of  lava  is,  according  to  him,  the 
broken  edge  of  the  kind  of  table  which  the  subterranean  action  thus 
heaved  up.  This  opinion  served  as  an  argument  in  favour  of  the 
theory  of  **  Craters  of  Elevation"  of  von  Buch,  which  ascribes  to 
other  volcanos  the  same  origin.  But  the  very  first  inspection  of  the 
locality  siiffices  to  show  that  such  an  opinion  cannot  be  sustained  in 
the  present  state  of  the  science.  In  my  opinion  Jorullo  is  not  the 
result  of  any  kind  of  elevation,  but  has  been  produced  solely  by 
means  of  eruption  and  aceum%d<ition.  The  sheets  of  lava,  called 
'<  Malpais,"  are  nothing  else  than  vast  outflows  of  incandescent 
matter,  which  have  lined  the  whole  valley,  filling  its  cavities  and 
forming  promontories,  just  as  a  mass  of  molten  lead  would  spread 
when  poured  on  an  uneven  surface.  The  edges  of  the  ''  Malpais," 
raised  from  30  to  80  feet  in  height,  are  not  a  section  or  broken 
edge  of  an  elevated  tract,  but  only  the  lateral  Gt  terminal  borders  of 
currents  of  lava.  The  cone  whic^  forms  the  mountain  of  Jorullo 
itself  is  the  simple  result  of  the  heaping  up  of  cinders  and  seori® 
ejected  by  the  principal  crifioe  of  eruption. 
The  volcano  of  Jonillo,  in  fact,  is  composed — 
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First,  of  the  sea  of  lava  which  resulted  from  several  repeated  out- 
bursts of  lava  from  fissures,  which  outbursts,  successively  lessened  in 
the  area  covered  by  each,  as  it  overflowed  the  preceding  one,  formed 
four  distinct  terraces  or  steps,  one  higher  than  the  other. 

Secondly,  of  a  central  cone  raised  above  these  lavas  after  they  had 
ceased  to  flow,  by  the  gaseous  eruptions. 

Thirdly,  of  one  great  and  last  current  of  lava  which  flowed  from 
the  summit  of  the  cone  and  encircled  its  base.  This  current  was 
due  to  the  emission  of  lava  after  the  gaseous  explosions  which  formed 
the  cone  had  terminated. 

Lastly,  the  remnant  of  lava  which  remained  in  the  hollow  of  the 
cone,  as  in  a  basin,  by  degrees  sank  within  it  as  the  subterranean 
action  ceased  and  the  lava-column  in  the  chimney  subsided,  from 
which  resulted  a  series  of  concentric  ruptures  and  subsidences  which 
form  the  vast  cavity  of  the  crater. 

Besides  the  principal  cone,  there  is  also  a  series  of  small  cones 
arranged  on  one  line,  which  are  only  heaps  of  ejected  scorise  and 
ashes,  and  do  not  appear  to  have  produced  any  lava.  Their  arrange- 
ment shows  the  eruption  to  have  taken  place  from  an  axial  &mK 
nmning  N.-S.  But  there  is  no  trace  of  the  elevation  (sauUvemnt) 
of  the  beds  along  this  axis,  which  proves  that  the  volcanic  prewire 
from  beneath  had  not  broken  up  the  surface-beds,  but  only  foiwd 
an  exit  through  some  fault  in  them  for  the  escape  of  the  liquid  and 
fluid  matters  erupted. 

Other  small  cones  of  ashes  are  scattered  about  at  some  distance 
from  the  principal  one.  It  will  be  seen  from  what  has  been  said, 
that  the  principal  cone  rises  from  a  base  of  lava  already  high.  In 
fact,  the  surface  of  the  '<  Malpais''  rapidly  rises  from  its  edges  to  the 
foot  of  the  cones.  This  highest  point  forms,  according  to  Humboldt 
the  summit  of  the  raised  **  bladder"  of  lava,  and  of  the  "  upheaved^ 
plain.  I  do  not  think  its  structure  is  to  be  viewed  in  any  such  ligjit. 
The  imperfect  drawing  of  Jorullo  published  by  the  illustrious  travelkr 
propagated  his  error  among  other  geologists.  The  surface  in  tiie 
midst  of  which  the  volcano  broke  out,  was  not  a  **  plain,"  as  Hum- 
boldt erroneously  calls  it,  but  a  very  uneven  valley ;  nor  was  it  in 
the  bottom  of  this  that  the  Assure  opened  whence  issued  the  basaltic 
lavas  which  covered  the  neighbouring  surfaces,  but  on  the  eastern 
slopes  of  the  valley,  and  in  a  direction  parallel  to  its  axis,  so  that 
the  great  height  of  their  culminating  portion  is  due  in  part  to  the 
previous  height  of  the  surfoce  beneath,  and  explains  itself  without 
the  necessity  of  supposing  any  upheaval. 

It  should  be  added  that  the  highest  portion  of  the  **  Malpais*^  wai 
still  further  raised  by  the  superposition  of  several  suooesflive  dieeti 
of  lava,  which  did  not  reach  the  outer  limits. 

It  is  evident,  then,  that  the  volcano  of  Jorullo  has  beemfoniied  ii 
no  degree  by  upheaval,  and  that  its  phenomena,  far  from  pleading  in 
favour  of  the  upheaving  action  of  the  volcanic  force,  ahow,  on  dM 
contrary,  that  the  most  powerful  volcanic  outbursts  oan  tdkft  pbM 
without  the  slightest  derangement  of  the  superficial  beds. 
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On  the  Existence  of  Thkee  Divisions  in  the  Detoioak  Rocks  of  the 
Lower  Loulb.  By  Dr.  Bureau. 
[Balletin  de  la  Soci6t4  G^logique  de  France,  2**  s^e,  voL  xviL  pp.  789-796.] 
TsE  Devonian  rocks  of  the  Lower  Loire  rest  on  motamorphic  slates, 
which  graduate  downwards  into  mica-schisty  finally  resting  on  the 
granite  of  La  Vendee.  The  whole  mass  is  divisihle  geographically 
into  a  northern  development  of  grits,  coal-beds,  and  conglomerates, 
and  a  southern  one  of  clay-slates  with  associated  limestones. 

1.  Lower  Devonian.  These  form  the  southernmost  beds,  and  con- 
tain PUurodicti/um  prohlematicum  and  L^tcma  depreesa^  The  lime- 
stones contain  Corals,  of  which  Calamopora  Ghldfiism  is  the  type. 

2.  Middle  Devonian.  Proceeding  northwards,  a  band  of  slaty 
limestone  is  met  with,  sometimes  pink  and  in  other  places  black, 
characterized  by  Stringocephalits  Burtini. 

3.  The  upper  schists  are  charged  with  numerous  Brachiopods, 
described  by  Dubuisson  in  1830.  In  the  same  beds  Dr.  Bureau  dis- 
covered fragments  of  Plants.  He  doubtingly  separates  these  schists 
from  the  Middle  Devonian  on  palseontologi^  evidence.  A  gradual 
change  carries  this  slaty  rock  into  the  upper  grits,  which  constitute, 
with  subordinate  coal-beds  and  conglomerates,  the  northern  expo- 
sure of  the  Devonians.  The  limestones  occurring  here  are  chaiged 
with  Terehratula  euboides,  T,  pugnus,  &c.  The  grits  and  coal-beds 
alternate  four  or  five  times,  in  parallel  stratification.  The  flora  of 
the  coal-beds  difiers  from  the  great  Carboniferous  flora,  althougjh 
there  are  some  species  common  to  both.  Ferns  are  represented  by 
SpTienapteris, 

The  slates  containing  Spirifer  VemeuUii  (which  the  French 
geologists  cdways  class  with  Devonian  rocks,  atthou^  our  Dublin 
neighbours  labd  them  as  Lower  Carboniferous)  are  entirely  absent  in 
this  district. 

Dr.  Bureau's  expected  work  on  the  details  of  the  district  will 
doubtless  aid  in  the  construction  of  a  true  Devonian  flora,  and  con- 
tribute- to  the  determinate  dassification  of  an  interesting  series  of 
rocks  which  at  present  are  occasionally  claimed  as  Carbomferous. 

VOL,  xvn. — PAST.  n.  "ft 


16  OEOLOOICAL  MEXOIBS. 

On  the  LiASSic  and  Keupebian  Formations  of  Savoy. 
By  Alphonse  Fatbe, 

[^^moire  sur  lee  Terrains  liasique  et  Keup^cn  de  U  SaToie:  par  Alphonse 
Fairro,  Profeaseor  de  la  Q^logie  k  I'Acad^mie  de  Qen^Te.  (Geneva,  1859.  M 
pp.  92f  with  3  plates.)  Extrait  du  tomo  xy.  dea  M^moires  de  la  Society  de 
Fnjsique  et  d'Histoire  Naturelle  de  G^n^re.] 

On  the  Contbariett  ohservahle  in  the  Alps  between  the  STRATicRAPHiaL 
Succession  of  the  Beds  and  their  Palsontoloqical  Contents  ;  with 
an  Additional  Kvamph  of  this  Contrariety.     By  Sctpio  Gras. 

[Considerations  sur  rOpposition  que  Ton  observe  souvent  dans  les  Alpes  entre 
Tordre  stratigraphique  des  couches  et  leurs  caract^res  pal^H>ntologiqueA,  suivies 
d*un  nouvel  exemple  de  cette  opposition.  Par  M.  Scipion  Gras,  Ing^nieur  en 
chef  dos  Mines,  ibmales  des  Mines,  5*^  s^.  toI.  xviiL  4*  livr.  de  1860,  pp.  IT-T^.] 

•The  great  interest  which  jiist  now  attaches  to  the  study  of  Alpine 
geology  arises  from  its  striking  exhibition  of  apparent  exceptions  to 
the  established  order  of  superposition. 

M.  Favre  thus  states  the  case : — 

'<  In  the  Tarentaise,  Coal-plants  and  Oolitic  fossils  appear  to  be 
associated  together.  Controversy  as  to  this  has  lasted  for  thiitj 
years,  and  affects  the  very  foundations  of  paleontology. 

<'  In  the  valley  of  Chamouni,  Jurassic  limestone  is  seen  dipping 
beneath  crystalline  rocks. 

''In  the  valley  of  Keposoir,  rocks  containing  Ammamta  and 
Belemnites  rest  on  Nummditic  beds. 

'<  In  the  hills  of  Coux  and  Gk)l^ze,  Liassic  or  older  rocks  rest  on 
Nummulitic  strata. 

''At  the  base  of  the  Mole,  the  strata  are  Neocomian  by  fossils 
and  Jurassic  by  position." 

Two  leading  theories  hare  been  advanced  respecting  these  and 
similar  cases.  One,  which  is  well  represented  by  M.  Favre  in  the 
work  referred  to,  is  that  they  are  due  to  enormous  folds  and  faults ; 
the  other,  advocated  by  the  mining  engineer  in  chief,  M.  Sdpio  Gras, 
in  the  second  work,  that  they  are  actual  local  exceptions. 

M.  Favre  says,  referring  to  the  instances  above  quoted : — 

"  In  spite  of  these  observations,  I  neither  believe  in  the  contem- 
poraneity of  Coal  and  Jurassic  fossils,  lior  in  Uie  inferiority  ol 
Ammonite-beds  to  Nunmiulitic,  nor  that  the  latter  are  older  than 
the  lias,  still  less  that  the  Neocomian  were  anterior  to  the  Jurassic, 
or  Tertiary  rocks  to  Secondary." 

A  problem  of  so  much  interest  to  geologyi  when  thus  dearlv  stated, 
and  niustratod  by  carefully  delineated  surveys,  is  well  worm  attri- 
tion. The  two  publications  before  us,  especially  the  fbnner  with  its 
admirable  sections,  furnish  ample  materials. 

M.  Favre  first  describes  the  rocks  of  Meillerie  and  of  the  Dranso. 
They  form  part  of  the  great  liassic  chain  stretching  from  the  athore 
of  the  Lake  of  Geneva  to  the  Arve,  from  Meillerie  to  the  ICtie.  Thay 
consist  of  a  quadruple  series,  which,  according  to  our  anttior,  la 
folded  four  times  on  or,  rather,  within  itself.    The  lowest  groiV  ^ 
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tbo  Toorcian, — marly  beds  with  oement-stones ;  characterized  by 
Ammonites  Aalenm*  2.  Liassic  and  Sinemuiian.  3.  Eossen  beds  (ylvt- 
cula  contorta  beds).  4.  Doloinitic  cellular  limestone,  of  large  develop- 
ment and  constant  position  throughout  the  Alps,  called  '^Cargneules.'' 
The  last  two  are  classed  with  the  Eeuper ;  the  first  two  with  the 
Lower  Jurassic  or  Liassic.  The  picturesque  gorge  of  the  Dranse 
exhibits  the  same  series ;  but  the  ends  of  the  plications  are  here 
apparent.  The  4th  group  attains  great  thickness,  and  contains  large 
masses  of  gypsum  at  Feteme  and  Spine. 

Associated  with  the  latter  are  bituminous  coal  and  jet.  Down- 
wards it  extends  into  the  representatives  of  the  saliferous  red  rocks 
of  the  Jura. 

M.  Favro  has  a  highly  interesting  chapter  on  the  intermingling 
of  fossils  in  these  rocks ;  he  makes  out  numerically  that  some  few 
species  are  common  to  the  Lias  and  the  Trias,  and  a  larger  propor- 
tion common  to  more  than  one  stage  of  the  Lias.  Ke  then  describes 
various  other  localities  in  which  the  Kossen  beds  are  surmounted  by 
Liassic  strata,  especially  at  Tanage,  where  both  are  tmderlain  by 
anthracitic  deposits.  He  then  describes  extensive  sections  across 
the  Trias,  Lias,  and  Jura.  Mont  Blanc  is  enveloped  in  Eeuper 
rocks  (Mames  trisSes) ;  and  although  the  discovery  of  instructive 
sections  was  as  difficult  to  him  as  to  Mr.  Rusldn,  yet  he  con- 
cludes— "  The  beds  are  here  found  in  an  inverted  order  of  super- 
position. This  fact,  so  long  doubted,  appears  to  me  to  be  completely 
proved  by  the  relative  position  of  the  gypsum-beds  and  the  Triassic 
<  cargneules.' " 

Ho  next  dweUs  on  the  correlation  of  the  Lias  of  Savoy  with 
formations  of  the  same  age  elsewhere,  and  on  the  extent  of  their 
metamorphism. 

We  now  turn  from  this  highly  satisfactory  contribution  to  science, 
to  the  second,  which  will  also  invite  investigation  and  repay  perusal. 

M.  Scipio  Gras  first  lays  down  his  theory  and  refers  to  existing 
instances  in  its  support,  and  then  cites  a  new  proof. 

He  states  his  view  to  be — that  the  causes  usually  assigned  for  the 
abnormal  condition  of  the  Alpine  strata  are  wholly  gratuitous,  and 
that  these  strata  were  actually  deposited  in  the  order  in  which  they 
now  appear, — that  they  have  not  been  reversed, — that  they  constitute 
a  special  palaeontological  province,  originally  differing  from  others  by 
reason  of  the  enormous  local  contemporaneous  disturbances. 

His  new  case  is  taken  from  the  valley  of  Entremont,  where  beds 
containing  White-chalk  fossils  are  actually  interstratified  with  others 
of  Neocomian  age. 

The  geology  of  this  district  had  previously  been  described  by  MM. 
Favre  and  Lory,  who  had  attributed  the  phenomena  to  reversals  and 
foults ;  but  M.  Gras  by  a  minute  survey  has  been  led  to  believe  that 
this  is  impossible,  and  that  the  intercalation  of  the  two  systems  here 
is  real. 

He  concludes  by  stating  that,  "  As  these  great  differences,  be- 
longing not  only  to  the  fossils,  but  to  the  character  and  dis])osition 
of  the  rocks,  are  not  pecidiar  to  the  Upper  Chalk  alone,  as  compared 
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with  that  of  other  oountries,  and  of  which  we  find  parallel  cases, 
though  not  80  well  marked,  in  the  rocks  of  Dauphin^,  it  is  prohable 
that  these  numerous  anomalies  spring  from  a  common  source, — ^that 
IB  to  say,  the  former  existence  of  special  geogenic  centres,  under  tiie 
influence  of  which  the  Alps  were  formed,  and  which  rend^  them  a 
geological  province  altogetiier  unique."  [8.  R.  P.] 


Studies  on  the  Mstamorphism  of  Bocks. 
By  M.  Delesse. 

[Etudes  sur  le  M^tamoiphisme  des  Boches,  par  M.  Delesfo.     Oomge  ooanmu^ 
par  rAoad^mie  dee  Scienoee.    Pane,  1861.] 

The  author  having  in  a  previous  essay  (Annales  des  Mines,  5  serie, 
t.  zii.  1857,  p.  80)  treated  on  special  or  contact  metamorphism, 
restricts  himself  in  the  present  memoir  to  general  or  normal  meta- 
morphism. This  work  being  of  considerable  length  and  replete  with 
facts,  space  will  only  permit  of  a  general  outline  of  the  more  important 
conclusions.  His  definition  of  metamorphism  is,  the  passage  firom 
the  fragmentary  and  amorphous  state  in  which  stratified  rocks  aie 
usually  deposited,  into  one  more  or  less  crystalline ;  which  change 
may  take  place  in  rocks  of  every  description.  According  to  this 
definition,  some  rocks  must  be  considered  metamorphic  which  the 
majority  of  geologists  have  not  looked  upon  as  such, — as,  for  example, 
deposits  of  clay  in  the  midst  of  which  crystals  of  selenite  have  been 
subsequently  developed. 

The  plan  adopted  by  M.  Delesse  is,  first  to  investigate  and  de- 
scribe the  nature  of  various  rocks  as  now  formed  or  as  they  occur 
in  an  unaltered  condition,  and  then  to  consider  what  changes  have 
taken  place  when  they  are  metamorphic  and  crystalline.  He  thus  in 
Section  1  treats  of  beds  and  veins  of  minerals  having  a  metallic  baids, 
as  iron,  manganese,  zinc,  copper,  tin,  &c., — the  general  conclusion 
being  that,  "  when  subjected  to  general  metamorphism,  their  stnic- 
ture  becomes  more  crystalline.  As  to  their  chemical  ccmiposition,  it 
is  sometimes  modified  (by  removal  or  addition  of  constituents) ;  and 
sometimes,  on  the  contrary,  it  remains  the  same"  (p.  23). 

In  Section  2  he  considers  the  metamorphism  of  erupted  locks,  and 
suggests  that  the  absence  of  rocks  identical  with  modem  volcanic 
products,  from  crystalline  schists,  may  be  explained  by  supposing  that 
they  too  have  been  altered.  Thus,  for  example,  the  operation  of  general 
metamorphism  may  have  changed  trachyte  into  granite,  and  tns^ 
pean  rocks  into  dolerite.  Nevertheless  he  does  not  suppose  that  all 
plutonic  rocks  have  been  produced  in  this  manner,  and  ahowB  that 
they  were  often  formed  under  the  conditions  whidi  bron^^t  about 
general  metamorphism,  and  therefore,  if  again  subjected  to  liie  anne 
influence,  would  be  only  slightly  altered. 

Section  3  treats  on  the  metamorphism  of  stratified  rocks,  and  in 
the  first  place,  on  that  of  coal  and  other  combustibles.  Theehaages 
which  they  have  undergone  when  subjected  to  general  metanusjium 
are  precisely  simiVAr  \a  w\i%l  ^te  met  with  when  beds  at  ooal  an  ii 
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contact  with  erupted  non- volcanic  rocks.  There  has  been  a  gradual 
elimination  of  the  oxygen  and  hydrogen,  and  there  is  a  gradual 
passage  from  wood,  lignite,  and  coal,  to  anthracite  and  graphite ;  which 
latter  mineral,  according  to  the  author,  is  always  associated  with 
rocks  that  have  been  subjected  to  an  energetic  metamorphic  action. 

In  treating  of  the  various  accumulations  of  sulphate  of  Hme,  though, 
as  already  mentioned,  he  looks  upon  the  development  of  crystals  of 
gypsum  in  day  as  a  case  of  genuine  metamorphism,  he  clearly  points 
out  that  some  highly  crystalline  accumulations  of  gypsum  were  pro- 
bably deposited  as  such,  and  are  therefore  in  a  normal  condition.  He 
calls  attention  to  the  development  of  mica  in  some  of  the  metamor- 
phic g3rpsum  of  the  Alps,  which  is  of  interest  as  showing  that  that 
mineraJ  may  be  formed  at  a  temperature  no  higher  than  120°  C.  (248° 
F.),  at  which  gypsum  passes  into  anhydritd.  In  explaining  the 
origin  of  quartzite,  the  author  specially  refers  to  those  sandstones 
which  consist  of  minute  crystals  of  quartz,  either  deposited  as  such 
or  formed  in  situ,  showing  that,  in  some  circumstances,  quartz  may 
crystallize  when  other  rocks  associated  with  it  have  undergone  no 
change. 

It  would  render  this  extract  too  long  if  anything  more  than  a 
general  outline  were  to  be  given  of  that  part  of  the  essay  treating 
on  the  changes  which  have  taken  place  in  the  various  kinds  of  sand- 
stone and  clay.  The  author  considers  the  case  of  sandstone,  clays, 
magnesian  clay,  marl,  argilite  and  mamolite  (Cordier),  and  the 
various  rocks  to  which  they  have  given  rise.  Thus,  sandstones 
were  changed  into  quartzites  or  quartzose  mica-schist;  clay  into 
chiastolite-slate ;  magnesian  clays  into  talcous,  serpentinous,  or 
chloritic  schists  ;  and  marl  into  pyroxene,  garnet,  or  epidote-rock. 
Argilite  and  mamoHte  have  given  rise  to  various  rocks,  according  to 
the  original  character  of  the  deposit  or  the  degree  of  the  subsequent 
changes,  beginning  with  slate,  and  finally  terminating  in  mica-schist 
and  gneiss.  Amongst  these  rocks  he  includes  a  number  in  which 
crystals  of  felspar  have  been  developed,  and  classes  them  with  the  beds 
in  Wales  described  as  "  trappean  ash  "  by  the  Geological  Surveyors  of 
Great  Britain.  To  gneiss  is  ascribed  a  double  origin,  being  in  some 
cases  "incontestably  stratified,"  and  in  others  "  a  well-chi^acterized 
eruptive  rock."  It  is  thus  a  connecting  link  between  these 
two  great  classes  of  rocks,  is  "  most  intimately  connected  with 
granite,  and  its  origin  is  evidently  the  same. ...  In  reality  it  is  only 
a  variety  of  veined  granite  the  crystallization  of  which  appears  to 
have  been  impeded.  We  are  thus  naturally  led  to  ac^t  that 
granito  itself  is  a  metamorphic  rock.  The  same  conclusion  applies 
to  the  other  plutonic  rocks  "  (pp.  76,  86).  Tho  occurrence  of  gra- 
phite in  various  schists  and  even  in  granito  itself  is  ascribed  to 
organic  bodies  enclosed  in  the  rocks  previous  to  metamorphism. 
M.  Delesse,  however,  in  the  concluding  division  of  his  essay  clearly 
admits  that  some  granites  have  been  erupted.  If,  says  he,  <<  meta- 
morphism be  very  energetic,  it  gives  rise  at  once  to  both  metamorphic 
and  plutonic  rocks.  These  latter,  whicb  appear  to  enjoy  a  greater 
amount  of  plasticity,  have  very  often  behaved  as  erupted  rocks.    They 
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havo  been  brought  up  again  to  the  surface  of  the  ground  by  internal 
pressures,  and  have  filled  the  fissures  and  crevices  of  the  crust  of  the 
globe  in  a  state  of  veins  or  larger  masses.  But  thej  are  then  no 
longer  in  contact  with  the  corresponding  mctamorphic  rocks,  nor  with 
those  at  the  expense  of  which  tiiey  were  formed ;  this,  moreover,  is 
the  most  habitiial  manner  of  occurrence  "  (p.  88).  The  author  then 
proceeds  to  point  out  that  the  plutonic  rocks  are  often  far  too  small 
to  account  for  the  magnitude  of  the  metamorphic  actions,  and  that 
even  quartzito,  mica-schist,  and  gneiss  have  sometimes  been  formed 
when  no  plutonic  rock  is  present.  He  therefore  concludes  that 
plutonic  rocks  are  the  tffeciy  and  not  the  eaust^  of  general  meta- 
morphism ;  and  adopting  this  supposition,  concludes  b j  pointing  oat 
how  it  will  serve  to  explain  the  variation  in  the  character  of  granite 
at  a  greater  or  less  distance  from  its  extreme  boundary. 

[H.  C.  a] 


Geological  UNDERORouin)  Map  of  Paris,  Sfc. 
By  M.  A.  Delesse,  For.  Mem.  G.  S.,  <fec. 

[Carte  g(tologique  souterraine  do  la  Ville  de  Parifi,  public  d*i^r^  les  ordres 
deM.  le  Baron  G.  E.  Hausmann,  S^nateur,  Pr6fet  de  la  Seine,  conform^ment  \ 
la  deliberation  du  Conaeil  Municipale  du  8  Novembre  1857,  et  ex^cutee  par 
M.  DelosBe,  Ing^nieur  dee  Mines,  InBpecteur  dee  CarriereB  du  D^partement  de 
la  Seine,  1858.  Dctssinee  par  AL  Babinski.  Ex^cutee  en  diromolith.  (Lemcrder) 
B0U8  la  direction  d'Avril  f^,  Bue  des  Bemardins  18.  £n  vcnte  chei  F.  Sit;, 
20,  Bue  Bonaparte,  FariB.] 

This  is  a  geological  map  of  Paris  (lithographed  and  printed  in 
colours),  on  the  scale  of  16  millimetres  to  100  metres ;  and  it  also 
indicates,  by  means  of  contour-lines  of  certain  colours,  the  sur&ces 
of  the  several  formations  beneath  Paris,  to  the  greatest  depth 
reached  by  borings. 

It  is  accompanied  by  three  sections : — one  across  Paris  from  £.  to 
W.,  from  the  Barri^^re  de  Vincennes  to  the  Barri^re  de  Neuilly :  the 
other  two  are  N.  and  S., — one  on  the  eastern  side,  frt>m  the  Bariiere 
d'Aunay  to  the  Barri^re  de  Charenton ;  the  other  on  the  west,  from 
the  Barriere  du  £x)ule  to  the  Barriere  de  la  Mothe  Piquet  The 
vertical  scale  is  45  millimetres  to  100  metres,  being  three  times  the 
horizontal  scale. 

The  made  ground  ('*  remblais,"  r')  and  the  drift  ("  terrain  de  trans- 
port," rf')  being  supposed  to  have  been  removed,  the  following  forma- 
tions (''  terrains")  are  seen  on  the  map : — gypseous  marls  and  gypsum 
(^'),  lacustrine  limestone  (Z'),  middle  sands  (<' sables  moycn8,'V),  marls 
above  the  calcaire  grossier  (m'),  calcaire  grossier  (p'),  pUstie  clay  (a'), 
and  the  cretaceous  strata  as  far  as  the  gault  (</).  llus  map  differs 
from  ordinary  geological  maps  in  that  it  indicates  the  surteeeof 
these  terraiDs.  If,  says  the  author  of  the  map,  we  were  to  raise  <me 
after  the  other  the  terrains  composing  the  subsoils  of  PaiiSy  com- 
mencing with  the  latest,  we  should  disclose  successively  so  much  of 
the  surfaces  as  corresponds  with  each  of  these  formations.  To  deter- 
mino  with  prcciaion  \\ic^  ^voCaxsqA)  ^q  have  chosen  a  paxtioiilar  bed 
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to  serve  as  a  datum :  it  was  necessary  that  this  special  bed  should 
present  wcU-marked  mineralogical  characters,  easily  recognizable  in 
a  boring ;  and  it  is  generally  that  one  which  forms  the  upper  surfece 
of  each  terrain.  For  r'  it  is  the  lower  surface  of  the  made  groimd 
(r) ;  for  dl,  the  lower  surface  of  the  drift  {d) ;  for  g^,  the  bed  of 
gypsum  (g)  ;  for  V^  the  first  bed  of  magnesian  laminated  clay  below 
the  marine  beds  (Z) ;  gl  indicates  the  beds  of  gypsum  in  the  lacustrine 
limestone ;  for  «'  is  chosen  the  first  bed  of  greemsh-grey  sand,  gs 
being  beds  of  gypsum  in  the  sables  moyens ;  for  m\  the  first  bed  of 
the  marls  (w),  gm  being  gypsum  beds  in  the  marls ;  iat  p\  the  bed 
of  rock,  or,  that  failing,  the  first  bed  of  calcaire  grossier  (jp) ;  for  a', 
the  first  bed  of  clay  ("  glaise  ")  and  the  calcareous  marls  (a) ;  for  c'  the 
upper  chalk  or  pisoHtic  limestone  (c) :  from  ^  to  c  inclusive,  the 
datum  bed  is  the  upper  stratum  of  the  terrain.  The  calcaire  grossier 
becoming  marly  in  the  northern  part  of  Paris,  is  not  represented 
with  so  much  exactitude  as  the  other  terrains ;  nevertheless  its  sur- 
face is  indicated  on  the  sections  by  dotted  lines. 

Each  of  the  special  beds  has  had  its  bearings  tested  by  accurate 
levellings  and  measurements  made  at  certain  points :  hence  all  its 
inequalities  of  surface  can  be  represented  on  the  map  by  horizontal 
curves,  of  the  same  colour  as  that  used  to  indicate  the  terrain  to 
which  the  bed  belongs,  but  of  a  darker  tint ;  they  are  10  metres 
apart.  The  horizontal  curves  of  the  drift  represent  the  surface  which 
would  be  obtained  on  removing  this  formation ;  they  are  5  metres 
apart. 

When  a  point  has  been  determined  by  levelling,  it  is  indicated  on 
the  map  by  a  red  dot,  by  the  side  of  which  are  inscribed  letters  and 
figures  (of  colours  corresponding  to  the  terrains  found  beneath) 
which  show  the  depth  at  which  each  special  bed  has  been  reached 
there.  The  gypsum  beds  have  their  thicknesses  shown;  but  they 
are  too  irregular  to  be  defined  by  horizontal  curves. 

The  figures  given  as  measurements  in  the  map  and  sections  are 
calculated  from  a  datum-Hue  100  metres  below  the  mean  sea-level. 
By  the  aid  of  this  map  and  the  great  mass  of  exact  information 
which  it  clearly  gives  as  to  the  relative  position  and  thickness  of 
the  several  strata,  any  one  may  calculate  approximately  the  depth 
at  which  each  formation  may  be  reached  at  any  spot  in  Paris. 

The  level  of  the  water,  both  subterranean  and  that  of  the  river,  is 
shown  in  the  sections  by  a  blue  line  and  figures.  It  has  been  deter- 
mined by  the  drainage- works  carried  on  in  August  1857. 

The  numerous  underground  works  carried  on  in  Paris,  during  the 
last  few  years  especially,  have  all  been  turned  to  accoimt  in  gaining 
as  exact  a  knowledge  as  possible  of  the  nature  of  the  substrata*  For 
the  greater  depths  the  author  has  had  recourse  principally  to  the 
borings  executed  by  MM.  Mulct  and  Degous^.  The  plan  of  Paris 
on  which  the  map  is  based  was  published  in  1856  by  the  Engineers 
of  Bridges  and  Koads  of  the  Municipal  Service.  [T.  K.  J.] 
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Htdrolooical  Map  of  FABifl,  S^c,     By  M.  A.  Delesse,  For.  Mem. 

Gool.  Soc.  &c. 
[Carto  hydrologique  de  la  Tille  de  Parii,  &c.  Ac  Par  M.  Delene,  kn^  1858.] 
This  is  a  chromolithographed  map  of  Parisy  of  the  same  size  and 
form  as  the  foregoing  (p.  20) ;  it  is  accompanied  by  the  same  sections, 
and  exhibits  both  the  hydrographical  and  geological  features  of  the 
area.  This  map,  to  the  execution  of  which  the  author*  has  devoted 
nearly  eight  years,  is  constructed  on  novel  principles.  First,  it 
gives  the  relief  of  the  grotmd  by  horizontal  curves ;  consequently  it 
indicates  how  the  water  runs  on  the  surface.  Further,  it  e^ows  the 
sheets  of  subterranean  waters  beneath  Paris.  Their  contoun 
and  their  flow  are  represented  by  horizontal  curves  a  metre  apart 
These  curved  lines  have  been  traced  according  to  the  measurement  of 
the  level  of  the  water  in  a  great  number  of  wells ;  and  therefore  are 
not  hypothetical.  Indications  are  also  given  of  the  quality  of  the 
waters  in  Paris ;  and  in  this  the  author  has  had  recourse  to  a  plan 
used  in  England — namely,  finding  the  quantity  of  soap  used  up  in  a 
given  quantity  of  the  water  experimented  upon.  The  degree  of 
'< hardness"  thus  obtained  is  inscribed  on  the  map  at  the  points  where 
the  several  samples  of  water  have  been  taken.  Lastly,  this  map  u  a 
geological  map  of  Paris;  for  it  shows  the  formations  which  are 
bath^  by  the  sheets  of  water.  If,  for  instance,  we  take  the  sheet 
of  infiltration  water  falling  into  the  Seine,  its  upper  sur&ce  bathes 
different  formations,  which  are  indicated  on  the  map  by  corresponding 
colours.  ''  It  was  interesting,"  says  the  author, ''  thus  to  trace  the 
formations  at  the  level  of  the  subterranean  water-sheet,  as  one  sees 
how  it  traverses  the  several  formations,  and  how  the  chemical  compo- 
of  the  former  depends  on  that  of  the  latter." 

This  map  has  been  executed  by  order  of  M.  Hausmann,  Prefect 
of  the  Seine,  who  has  also  charged  the  author  with  the  oonstructian 
of  another  similar  map,  which  is  to  comprehend  the  whole  of  the 
Paris  basin.  These  researches  are  connected  with  the  undeitakiDg 
known  as  the  Somme-Soude  Project,  which  contemplates  the  supply 
of  good  water  on  a  laige  scale,  by  bringing  the  rivers  of  Champagne 
to  Paris. 

M.  Delesse  considers  that  this  plan  of  hydrological  mapping 
might  be  advantageously  applied  to  mining  districts  where  the 
works  are  much  interfered  with  by  water :  the  right  places  for  adits, 
galleries,  &c.,  would  thus  be  easily  fixed  upon. 

[T.  E.  J.] 


Geological  Map  of  the  Southern  Pobhoit  of  the  Ueal  Houvtaibi. 
Constructed  in  1854  and  1855,  by  Capt  Meoliiikt  and  Gi^ 
AimpoFF,  Engineers  of  the  Corps  des  Mines. 

This  is  a  Russian  map,  on  the  scale  of  1  inch  to  8  miies  (Siigliah)i 
and  is  accompanied  with  several  sections.   Of  these,  three  aie  paallel 

•  Aletter  (ram  the  tnihor  to  Sir  R.  I.  Morohiaon,  VT.GJBL,  hM  uapgOd 
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£.  and  W.  sections  across  the  country,  with  the  heights  determined 
by  the  barometer,  and  on  the  scale  of  1  inch  to  16  miles  horizon- 
tally ;  and  fourteen  are  smaller  uncoloured  local  sections. 

The  following  formations  are  indicated  by  colours  on  the  map  and 
long  sections : — A.  Silurian.  Green  and  grey  sandstone  and  conglo- 
merate ;  green,  grey,  and  other  argillaceous  schists  and  quartzite. 
{Obelus  Apollinis,  Lingtda  oblonga,  Orthis  callxgramma,  0,  testudl- 
naria,)  B.  Devonian.  limestone,  grey  and  white ;  calcareous  sand- 
stone (Brook  Pismianka),  and  schists.  {Terehratvla  ehngata,  T.  Ari- 
maspuSy  T.  aptyeha,  T,  Pugnus,  T,  cuboideSj  Spirifer  Tenticulum, 
Sp,  muraliSf  Sp.  Archiad,  Orthis  resupinata,  Avictda  reticulata,  Pen- 
tamerus  galeatus,  ^e.)  C.  Carboniferous.  Grey  clay  and  schist  (Pe- 
copteris,  CyclopteriSy  VoUzia,  SpTienopteris,  Nctggerathia,  Sfc),  Ferru- 
ginous Sandstone.  Yellow,  grey,  and  black  limestones,  argillaceous 
schist,  and  grey  and  yeUow  sandstone  (Ooniatites,  Fusulina  cylindHca, 
Spirifer  MosquensiSy  Sp,  striatum,  Productus  antiquatus,  P.punctatus, 
P,  giganteusj  Cyathophyllum,  ^c).  D.  Permian.  Red  sandstone, 
conglomerates,  clays,  and  limestones.  E.  Cretaceous.  White  and 
yellow  clays,  sandstones,  and  conglomerates  (Bel^mniiella  mucronata, 
Terehratula  camea,  T.  ehngata,  EhyneTionella  octaplicata,  Ostrea 
vesicuhris,  ^c).  F.  Alluvial  clay  and  sand.  G.  Igneous  rocks: 
a,  granite,  granito-syenite ;  6,  diorite  and  porphyry  (greenstone  and 
felspar-porphyry) ;  c,  serpentine ;  d,  quartz-veins.  H.  Metamor- 
phic  rocks:  1.  mica-,  talc-,  and  chlorite -schists ;  2.  conglomeratic 
schist  and  jasper. 

The  auriferous  sands  are  also  marked  (by  a  yellow  line),  and  the 
numerous  points  where  astronomical  and  barometrical  observations 
were  made  are  also  indicated.  The  barometrical  stations  are  used 
to  indicate  the  lines  of  section ;  on  the  latter  the  heights  are  given 
in  English  feet. 

The  smaller  sections  are : — Fig.  1.  Curved  strata  of  Silurian  sand- 
stone and  argillaceous  schists  on  the  banks  of  the  Brook  Maloi  Su- 
riane.  Fig.  2.  The  Turate  Mountain,  showing  Silurian  sandstone, 
limestone,  and  schist,  and  conglomeratic  schist.  Fig.  3.  The  Si- 
lurian sandstone  and  clay- schist  on  the  Kiver  Arantache.  Fig.  4. 
The  Silurian  beds  (sandstone  and  clay-schist,  with  breccia  and  jas- 
l)er)  on  the  banks  of  the  Brook  Gusicha.  Fig.  5.  Section  at  the 
>'illage  of  Verchneosemoy,  to  the  east,  showing  the  beds  of  the  Car- 
boniferous Limestone,  alternating  with  sandstones  and  conglomerate. 

Fig.  6.  Section  at  the  village  of  Griasnuschinskoy,  showing  the 
strata  of  Carboniferous  Limestone  (a-c),  the  Silurian  rocks  (alter- 
nations of  green  and  grey  sandstone,  clay-schists,  and  conglomerate), 
and  dykes  of  diorite  (g).  Fig.  7.  Strata  of  the  Carboniferous  Lime- 
stone at  the  Factory  of  ^ananicolsky,  to  the  west  (a,  sandstone ; 
6,  grey  and  black  limestone ;  c,  Fusulina-limestone ;  d,  Encrinital 
limestone;  e,  calcareous  sandstone;  /,  limestone  with  Productus 
antiquatus,  P.  punctatus,  Spirifer  Mosquensis,  6fe,\  g,  limestone 
with  Cyathophyllum,  dfc, ;  A,  argillaceous  and  pebbly  sclusts ;  and  t, 
Silurian  rocks).  Eig.  8  shows  a  complete  section  of  the  Carboni- 
ferous, Silurian,  and  Metamorphic  rocks  at  the  Factory  of  Preobra- 
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gensky,  to  the  west : — a,  sandstone  ;  b,  grey  and  black  limestone ; 

c,  Fusiilina-limcstone ;  rf,  Encrinital  limestone ;  «,  sandstone ;  /, 
limestone  with  Producius  striattis,  Spirifer  MosquensiSy  ^c. ;  </. 
limestone  with  Cyaihophyllum,  Sfc, ;  hy  argillaceous  and  conglome- 
ratic schists;  i,  Silurian  sandstone  and  schist;  ky  conglomerate; 
/,  talc-schists ;  m,  mica-schists ;  n,  serpentine-dyke ;  p,  conglo- 
meratic schists  (locally  overlying  the  mica-schist) ;  3,  quartz-veins. 
Fig.  9.  Carboniferous  strata  on  the  banks  of  the  River  Maloi  Urta- 
simo : — a,  grey  and  black  limestone ;  6,  yellow  limestone,  with  En- 
crinital limestone  {c) ;  d,  conglomerate ;  e  &  f,  alternating  clay- 
schist  and  sandstone ;  g,  limestone  with  CyaihophyUum,  ^c.  Fig.  10. 
Carboniferous  Limestone  on  the  porphyries  on  the  banks  of  the  River 
Verchniaia  Orlofka : — a,  porphyry ;  6  &  c,  strata  of  Carboniferous 
limestone,  with  abundant  foseals,  and  not  at  all  metamorphosed; 

d,  dykes  of  diorite  in  the  porphyry.  Fig.  11.  Carboniferous  lime- 
stone on  the  Brook  Maloi  Suriane.  Fig.  12.  Contorted  strata  of  Car- 
boniferous limestone  near  the  village  of  Kugartschi. 

Fig.  13.  Cretaceous  strata : — a,  white  and  yellow  day  with  seams 
of  sand  {BeUmniuUa  mueronata,  Terebratulu  eameay  T,  ehngala, 
Rhytichonella  octoplicata,  Ostrea  vesietdaris,  4c^,) ;  h,  sandstone  and 
conglomerate  with  chlorite.  Fig.  14  is  a  section  of  the  Michailavsky 
bed  of  gold-bearing  sand  on  the  banks  of  the  Brook  Suvunduc  :— 
a,  grey  Carboniferous  limestone ;  6  &  r,  alternating  aigUlaceous 
schist  and  sandstone  below  the  limestone ;  e,  quartz- vein  through 
the  limestone ;  d,  superficial  auriferous  sand. 

[T.  R.  J.] 

On  the  MoLASSB  of  Southern  Bavabia.    By  Feai^z  B..  von  HAns. 

[Proceed.  Imp.  Acad.  Vienna,  January  3,  1861.] 

After  a  close  examination  of  the  Prien  Valley,  which  opens  into  the 
Chicm-See,  Prof.  Emrich  admits  five  subdivisions  of  the  South  Ba- 
varian Molasse.  The  lowest  is  of  marine  origin,  and  palteontologi- 
cally  parallel  to  the  strata  of  Alzey  on  the  Ehine.  This  is  inmie- 
diately  overlain  by  the  lignitiferous  freshwater  or  brackish  strata  oC 
Miesbach.  The  third  or  middle  subdivision  (Conchiferous  Molasse), 
of  marine  origin,  with  organic  remains  identical  with  those  of  the 
Swiss  marine  Molasse,  is  overlain  by  strata  containing  foesil  forms 
characteristic  of  the  marine  deposits  of  the  Vienna  baeon.  The  fifth 
or  uppermost  subdivision  is  characterized  by  the  presence  of  fresh- 
water Univalves,  Melanopsides  and  NeritincB.  [Couin  IC.] 


On  ihe  Dbvovian  and  CABBOiriFESOus  Bocxs  o/Kobatia. 
By  MM.  Wolf  and  Lipold. 

[Proceed  Imp.  QooL  Insdt  Vienna,  Febrnaiy  2%  1861.] 
Messbs.  Wolf  and  Lipold,  at  the  request  of  the  ''  Wenieriai  So- 
ciety "  61  Bitmn,  suxve^e^  \si\K<^  Bntumn  of  1860  the  enyiraiscf 
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Olmiitz,  Eastern  Moravia.  Crystalline  rocks  (granite,  mica-schist, 
argillaceous  slates,  syenite,  phyllites,  and  varieties  of  quartzite), 
overlain  by  extensive  palaeozoic  deposits,  are  prevalent  in  the  space 
comprised  between  Briinn,  Boskowitz,  and  Olmiitz.  Semicrystalline 
limestones,  including  beds  of  brown  iron-ore  (Baron  Reichenbach's 
<'  Lathon  ")  are  intercalated  between  the  uppermost  crystalline  and 
the  older  palaeozoic  rocks.  The  nature  and  subdivisions  of  these  last 
rocks  have  been  lately  better  cleared  up  by  the  discovery  of  some 
fossiliferous  localities.  The  oldest  palaeozoic  strata  are  overlain  by  a 
zone  of  limestones,  ^  to  f  of  an  Austrian  mile  in  breadth,  in  fantasti- 
cally shaped  groups,  probably  the  remains  of  a  once  continuous 
mountain-range.  The  presence  of  Stringocephalus  Buriini,  a  cha- 
racteristic Lower  Devonian  form,  allows  this  limestone  to  be  paral- 
lelized with  those  of  the  Eifel  in  the  Ehenish  System.  A  narrow  zone 
of  red-and-green-spotted  marbles  may  represent  the  Clymenian 
Limestone  of  the  Upper  Devonian  series. 

Over  these  lower  strata  a  complex  series  of  alternating  slates  and 
sandstones,  comprised  hitherto  under  the  general  denomination  of 
"  Greywacke,"  form  an  extensive  plateau,  separated  northward  from 
the  higher  subdivisions  by  a  considerable  depression,  and  sloping 
eastward  by  degrees  towards  the  Miocene  and  Diluvial  deposits. 
Some  of  these  slates  are  worked  on  an  extensive  scale  between 
Olmiitz  and  Troppau. 

Palaeontological  investigations  have  now  ascertained  that  this 
whole  group,  hitherto  known  as  Greywacke,  belongs  in  reality  to  the 
lowermost  portion  of  the  Carboniferous  series,  and  is  analogous  to 
the  so-called  "  Kulm  Strata."  Prof.  Goppert  had  already  inferred, 
from  the  vegetable  remains  found  in  it  (especially  from  Calamites 
transitiants),  its  analogy  with  the  **  transition  "  deposits  of  Hayni- 
chen  (Saxony)  and  with  the  Posidonomya-slates  of  Nassau, — ^a  view 
subsequently  confirmed  by  the  discovery  of  other  vegetable  remains 
and  of  Goniatites  Crenistriu,  and  recently  fiilly  established  by  the  dis- 
covery of  a  most  characteristic  fossil  form,  the  Posidanomya  Becheri, 

Limestones  of  the  Upper  Jurassic  series  occur  near  Briinn  and 
Blansko.  [Count  M.J 

On  the  Mountains  SoiUh  o/Kbonstadt,  Transtltania. 
By  Franz  Ritteb  von  Havsb. 
[Proceed.  Imp.  G«oL  Lifltit  Vienna,  February  26,  1861.] 
The  or(^raphical  features  of  this  group  are  quite  different  from 
those  of  the  neighbouring  mountains  of  Fogaras.    Instead  of  a 
uniform  longitudinal  range,  they  offer  the  aspect  of  colossal  massifiei, 
sometimes  with  extensive  plateaux,  isolated  from  each  other  by  deep 
valleys,  running  irregularly  in  every  direction,  and  sloping  towards 
the  plains  and  the  lower  mountain-region  at  uncommonly  steep 
angles,  so  as  to  form  precipices  several  thousand  feet  deep.    The 
altitude  of  these  maseifs  varies  generally  between  4100  feet  and  5700 
feet ;  the  two  highest  among  tiiem  rise,  one  to  7050  feet,  and  the 
other  to  7900  feet. 


2G  GEOLOGICAL  XEIIOISS. 

A  white  limestone,  probably  Jurassic,  forming  di^Es  of  grotesque 
configuration,  and  joining  north-westwardly  the  crystalline  slates  of 
the  Fogaras  Mountains,  is  the  prevailing  rock  in  this  mountain- 
group.  Organic  remains  lately  found  by  Mr.  Stur  (among  them 
Rhynchonella  plicatella.  Sow.,  and  Terebratula  tpJiceroidalis,  Sow.) 
are  indicative  also  of  the  presence  of  the  Brown  Jura,  a  subdivision 
the  existence  of  which  in  Transylvania  was  hitherto  unknown. 
Next  to  the  White  Jura  in  extent  and  importance,  come  conglo- 
merates of  primary  rocks,  and  sometimes  enormous  boulders  of  the 
white  limestones  occurring  in  some  isolated  localities  around  Eron- 
stadt.  These  conglomerates  remind  us,  by  their  prevalent  greenish 
tints,  of  the  greenish  £ocene  sandstones  of  the  Alps,  and  are  so  con- 
nected with  the  other  undoubtedly  Eocene  conglomerates  around 
Kronstadt  that  they  must  be  consequently  ascribed  to  the  same  early 
Tertiary  period. 

A  sandstone,  seeming  to  dip  beneath  the  before-mentioned  Jurassic- 
strata,  includes  organic  remains  belonging,  as  far  as  they  are  as  vet 
recognized,  to  the  Upper  Cretaceous  fauna.  Forms  charactemdc  of 
the  Lower  Cretaceous  (Ncocomian)  strata,  as  Behmnites  dilatatvts. 
De  B.,  and  a  large  tooth  of  Sphcerodus  (probably  Sphfer.  Neocomiemls, 
Ag.)  have  been  found  among  the  organic  remains  of  Yallye  Drakuluj 
near  Kronstadt. 

[C  OCNT  M. 


On  the  Laeoe  Tertiary  Carxivora  of  Austria. 
By  Prof.  E.  Suess. 

[Proceed.  Imp.  Acad.  Vienna,  March  7,  1861.] 

The  Tertiary  and  Post-tertiary  deposits,  so  important  on  account  of 
their  organic  remains  in  throwing  light  on  tiie  question,  how  far 
the  repeated  changes  undergone  by  organic  creation  are  the  effects  of 
changes  in  the  external  condition  of  life,  have  been  during  a  number 
of  years  an  object  of  sedulous  investigation  to  the  paleontologists  of 
Vienna,  and  especially  to  Prof.  Suess,  who,  at  the  expense  of  the 
Imperial  Museum,  explored  in  1860  the  western  borders  of  the 
Vienna  basin,  and  caused  the  ossiferous  deposits  of  the  Baltavar. 
near  Eisenburg  (W.  Hungary),  to  be  thoroughly  searched  on  an 
extensive  scale.  This  locality,  first  discovered  by  M.  von  Sohwaberau, 
corresponds  in  its  general  features  with  the  weU-known  deposit  of 
Pikermi,  near  Athens,  comprising  remains  of  MaehairoduB,  iTycnui, 
Antilapef  a  gigantic  species  of  Giraffe,  and  many  other  genera.  The 
determination  of  the  Baltavar  fossils  has  been  effectually  aasiBted  by 
a  lich  collection  of  Pikermi  fossils  lately  presented  to  the  ImpeiijJ 
Museum  by  Count  Breuner-Felsach,  formerly  Aufltrian  Envoy  tt 
the  Court  of  Greece.  Prof.  Suess  in  his  paper  describes  three  species, 
Ma€hairodtu(a,  genus  analogous  to  the  Lion  of  the  present  period). 
Hyixna  eximia,  and  Amphicyon  intermedium — an  <»>iwml  similar  to  the 
Wolf,  only  larger  in  size.  [Conxr  M.] 


TRANSLATIONS  AND  NOTICES 


OF 


GEOLOGICAL  MEMOIRS. 


Oil  the  Stkatioraphical  Succession  of  the  Beds  in  the  8a toy  Alps. 
By  M.  Ch.  Loky. 

[Note  8ur  la  constitution  stratigraphique  de  la  Haute-Maurienne,  par  M.  Ch. 
Lory.    Bulletin  de  la  Soci^t^  C^logique  de  France,  deuxiSme  s^rie,  toI.  xviii. 

p.;R] 

The  subject  referred  to  in  an  abstract  contained  in  the  *  Quarterly 
Journal,'  vol.  xvii.  part  2.  (Miscell.)  p.  16,  has  received  further  eluci- 
dation in  the  communication  of  M.  Lor}%  who  conlirms  the  deductions 
of  M.  Favre,  and  considers  that  the  discovery  of  the  Nummulitic 
strata  underlying  the  lias  proves  the  reality  of  the  great  overthrow 
which  has  reversed  and  replicated  the  strata  in  a  manner  astonishing 
even  to  those  best  acquainted  with  similar  minor  phenomena  else- 
where. M.  Lory  has  given  general  sections  of  the  structure  of  the 
Alps  ;  and  M.  Favre  adds  a  letter  and  section  giving  fiill  details  of 
the  stiiking  instance  of  reversal  on  a  grand  scale  shown  in  the 
district  of  St.,  Jean  de  Maurienne,  which  will  henceforward  become 
a  tjpical  instance. 

[S.  R.  P.J 


On  the  Paljkozoic  Bocks  of  Belgium  a/ul  the  North  of  Yhajsch, 
By  M.  Jules  Gosselet. 

[Momoires  sur  les  terrains  primaires  de  la  Selsique,  des  environs  d*  Aveitnes  et 
du  Boulonnais,  par  Jules  Qossclet :  Paris,  1860.  Also  **  Observations."  &c., 
Bulletin  de  la  Society  G^logique  de  France,  dcuxicme  s^rie,  vol.  xviiL  p.  18.]  ' 

M.  Gosselet  has  now  occupied  several  years  in  the  careful  field-work 
and  study,  the  results  of  which  are  embodied  inliis  Memoir  of  1800. 
In  the  subsequent  communication  to  the  Society,  he  gives  a  ranttne 
of  the  work.  A  short  abstract  of  both  will  justify  us  in  welcoming 
tliis  valuable  addition  to  paheozoic  literature,  especially  in  regard  to 
that  portion  of  it  which  affects  the  relationship  of  the  uppermost 
Devonian  beds  to  the  Lower  Carboniferous  system.  After  referring 
to  the  history  of  the  inquiry  and  paying  a  just  tribute  to  the  excels 
lency  of  the  geological  topography  of  Dumont,  he  states  that  he  has 
ascertained  both  stratigraphically  and  palseontologically  the  existence 
of  eleven  principal  divisions,  which  have  a  general  correspondence} 

VOL.  XVII. PABT  n.  p 


. .  vy<txceoiii"»uiu» 


8.  Bnmot  conglomerate    . . 

9.  GraxLWBcke'mih.LeptcmaA 

10.  Conglomeratee  and  roofing 

11.  Slates  and  quartntes,  witl 

No.  1.  The  prodnctiTe  ooal-m 
mark  aave  the  author's  condnsio: 
ooal-basin  of  the  Bonlonnais  is  t 
and  is  not  a  bed  in  the  Lower  Carl 
be  found  in  the  Memoir,  p.  132. 

No.  2.  If.  Gosselet  considers  th 
cal  evidence  for  the  division  (firs 
the  great  mass  of  limestones  and 
groups,  typified  by  the  limestones 
chaiBoterises  the  former  in  Belgimi 
Alum-shales  and  limestones 

OtnUatUea  diadema. 
Limestones  with  ProdueiMa  wu 
Prodnotus-limestone.    Produei 

Dolomites. 
No.  8.  Lower  Carboniferous  lime 
Nodular  or  cherty  limestone. 
Crystalline  limestone.    Spirife 

Zorfuf. 
Black  limestone  with  Produehu 
No.  4.  Condrospsammite. — ^Betw 
and  that  of  Oivet  there  occors  a  gr 
and  sandstones,  which  IC.  d'Omali 
name.  Damont  separated  from  thei 
thoa^  he  affcarwards  •k— ^-- 
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They  are  well  displayed  aroimd  and  within  Fort  Conde,  near  Givet, 
as  follows : — 

Greenish  schists  with  Spirifer  Vemeuilii. 

Black  schists  with  Cardium  palmatum. 

Schists  with  limestone-nodules  and  Terebratula  cuhoides. 

Blue  limestone.  < 

Schists  with  IteceptacuUtes  and  Terebratula  cequiconvexa. 
No.  6.  The  great  Givet  limestone  is  identical  wil^  that  of  Paffi'ath. 
Its  characteristic  fossils  are  Ma>crocheilu8  arcuatuSf  Euomphahw 
rotula,  Rotella  heliciformia,  Murchisonia  coronata,  and  StnngocephaluB 
Burtini.  Different  stages  are  characterized  by  different  Spirifers. 
At  Macon  (near  Chimay)  and  in  the  Eifel,  Phacops  latifrons,  Ortho- 
ceras  nodulosum,  Oomphoceras  inflatum,  Lucina  proavia,  and  Penta- 
merus  formosus  occur. 

No.  7.  This  is  a  series  of  argillaceous  schists  with  intercalated 
limestones  characterized  by  Cakeola  sandalina,  Spirifer  vpeciosus, 
PetUamerus  galeatus,  and  Terebratula  primipilaris.  In  other  places 
CTionetes  minuta,  Spirifer  cultrijugatus,  and  Leptcena  depressa  occur 
in  different  beds  of  this  series. 

No.  8.  This  is  a  great  development  of  red  conglomerate  and  sandy 
grits,  comprising  paving-stone  beds  barren  of  fossils;  but  M.  H^ert 
reports  having  found  at  one  place  within  its  area  Dolahra  Har^ 
dingii,  Avicula  fasciculata,  Productus  Murchisonianus,  and  a  Spirifer 
like  Sp.  Bouchardii, 

No.  9.  This  is  the  "  Coblentzien  "  of  Dumont.  The  coarse  rock 
to  which  the  well-known  and  little-hked  term  of  ^<  grauwacke  "  is 
attached  contains  Phurodictyum  problematicum,  Leptama  Murchisoni, 
and  some  Terebratulas, 

No.  10.  Lastly,  the  Devonians  terminate  downwards  in  a  great 
series  of  rocks,  principally  conglomerate,  called  by  Dumont  "  g^- 
nien,"  and  separated  stratigraphically  and  minenilogically  into  five 
divisions,  one  of  which  is  fossiliferous  and  contains  Dahnanites, 
HomalonotuSy  Orammyna^  two  small  Spiriferi,  Ohonetes  sarcinidataf 
two  species  of  Orthis,  Coelaster  constellatus,  and  Tentaeulites  amatus. 
No.  11.  This  is  the  "  Ardennais"  of  Dumont  (comprising  three 
large  divisions  well  characterized  mineralogically),  which,  though  at 
present  barren  as  to  fossils,  is  usually  agreed  to  be  Silurian  from  its 
position. 

The  Memoir  contains  the  author's  views  as  to  the  correlation  of 
these  groups  with  the  Palaeozoics  of  other  countries,  copious  lists  of 
fossils,  and  is  well  illustrated  by  sections. 

It  is  quite  evident  that  the  Lower  Devonian  rocks  are  so  well  cha- 
racterized in  Belgium  that  we  may  obtain  from  them  considerable 
light  on  our  own  more  fragmentary  and  disturbed  deposits.  By 
identifying  one  band  of  the  Plymouth  limestone  with^that  of  Givet, 
we  may  obtain  a  useful  horizon  for  the  middle  of  the  great  marine 
group  constituting  the  western  extremity  of  our  own  island. 

[8.  R.  P.] 


'^  GEOLOGICAL  MfiMOlUS. 

(hi  the  AccuMULATiox  of  Detritus  in  tiu  Steixfeld. 
By  Lieut.-Col.  Jonklak. 
[Proceed.  Imp.  Acad.  Vieima,  March  14,  1861.] 

The  plain  called  *'  Stcinfeld  "  near  Wiener- Xeustadt  (8.  of  Vienna) 
L*  in  reality  a  flattened  conoidal  accumulation  of  detritus,  the  api-x 
of  which  lies  at  WoUeradorf  at  the  mouth  of  the  Piesting  Valley, 
from  whence  it  sloix^s  away  in  ever}'  direction,  the  angle  of  incli- 
nation being  least  in  the  direction  of  Pottendorf.  The  maximum 
length  (2  Austrian  or  about  10  English  miles)  is  between  tliis  place 
and  Wiillersdort* ;  the  maximum  breadth  (1^  Aiistrian  or  about  1\ 
English  miles)  is  between  Xeustadt  and  Leobersdorf.  There  can  be 
uo  doubt  that  the  whole  accumulation  has  come  out  of  the  Piestiug 
Valley.  A  number  of  careful  measurements  make  its  volume  to 
bo  450,387,000  cubic  fathoms  (the  fiithom  being  equal  to  210  cubic 
feet) — about  -X^  of  the  cubic  contents  of  the  whole  Piesting  Valley, 
calculated  to  be  9033  millions  of  cubic  fathoms.  K  the  proportional 
densities  of  the  detritus  and  of  solid  limestone  arc  taken  into  con- 
sideration, the  total  mass  of  this  accumulation  of  detritus  may 
amount  to  the  thirtieth  part,  in  volume,  of  the  quantity  of  solid 
limestone  required  to  fill  up  completely  the  Piesting  Valley  in  its 
present  extent.  [Coixt  M.  ' 


On  ifu  Hauyine-bock  o^  Transylvania. 

By  K.  RiTTER  vox  Hauer  and  Director  W.  Haidi.xger. 

[Proceed.  Imp.  Geol.  Instit  Vienna,  May  2»,  1861.] 

Specimens  of  hauyine  discovered  by  M.  Herbich  near  Ditro  (Tran- 
sylvania), have  been  analysed  in  the  laborator}'  of  the  Vienna 
Imperial  Institute  by  K.  Ritter  von  Hauer,  who  found  tliem  to  con- 
tain a  notable  quantity  of  chlorine,  a  substance  also  stated  to  occur 
in  sodalite.  This  circumstance,  together  with  its  granitoid  cry^stal- 
lization,  assigns  to  the  Ditro  mineral  its  place  among  the  mineral 
s[>ecies  or  varieties  named  Sodalite,  Koselito,  Ittnerite,  Sapphinine, 
Spinellan,  Hauyne,  and  Lapis  Lazuli.  Its  colour  is  between  azure 
aud  sky-blue  ;  its  specific  gravity  3*318  ;  its  hardness  accordiDg  to 
Mohs'  scale  5*5  (between  fluor-spar  and  felspar).  Tlie  rock  fur 
which  Director  Haidinger  proposes  the  name  of  '<  Hauyno-Kock  **  u 
a  granular  aggregate  of  hauyne,  orthoclase,  cancrinite,  clax>lite,  and 
oligoclase,  interspersed  with  minute  particles  of  black  amphibole, 
mica,  magnetic  iron,  sphene,  calcareous  spar,  &c.  The  whole  com- 
pound, when  cut  and  polished,  is  conspicuous  for  its  boautifiil  mixture 
of  blue,  white,  grey,  and  reddish-yellow  tints,  which,  together  with 
its  hardness,  makes  it,  when  polished,  a  very  fit  material  for  orna- 
mental objects. 

MM.  Quaglio  and  Fritsch  have  b<^gun  the  regular  exploitation  of 
this  new  and  fine  mineral  substance,  and  intend  to  send  spedmens 
of  it  to  the  London  Eichibition  of  1862. 

[COUKX  M.J 
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[The  fossils  referred  to  are  described,  and  those  of  which  the  names  are  printed 
in  italics  are  also  figured.] 


Abbots  Langlet,  Hei'ts,  flint  imple- 
ment found  at,  367. 
Acanthocladia  anccps,  307. 
Analysis  of  the  lignite  from  the  Valley 

of  the  Souii  River,  409. 
Anathta  ?  precursory  507. 

?  Suessi,  507. 

Andes,  Mr.  J.  W.  Salter  on  the  fossils 

from  the,  62. 
Aneimites  Acadica  from  Nova  Scotia,  5. 
Anniversarjr  Address  of  the  President, 

xxxi-buui.      See  also  Homer,  L., 

Esq. 
Annual  Report,  i. 
Anthrapalamon  dubius^  532. 

Grossartif  530. 

Area?  Brov>niif  69. 

lA/cettii,  501. 

Archseoteuthis    Dunensis    (Roemer), 

Prof.  T.  H.  Huxley  on,  163. 
Ardshcal    Peninsula,    Highlands    of 

Scotland,  266. 
Arisaig  in  the  Highlands,  203. 
Ashdovm  Sand,  277. 
Assynt  in  the  lliglilands,  96. 
Astucoderma  bicuspidatum,  549. 

declinatumy  550. 

planum^  551. 

remiformey  551. 

terratum,  550. 

spino9umy  550. 

terminale,  549. 

•■        triangulares  550. 

undulatum,  550. 

Australia,  the  Rev.  W.  B.  Clarke  on 

the  plant-bearing  beds  of,  354. 
Avicula  contorta,  499. 
AvicuU  contorts  zone,  Mr.  C.  Moore 

on  the,  483. 
Avicula  solitaria^  489. 


Award  of  the  WoUaston  Donation- 
Fund,  XXX ;  Medal,  xxviL 
AxinM  cloacinusy  502. 

concentricusy  502. 

depresstis,  502. 

dubiusy  305. 

elottgaiusy  502. 

Ballahulish  in  the  Highlands,  266. 
Banavie  in  the  Higlilands,  203. 
Barkoi  and  Maha(iewanills,India,347. 
Bathcaston  and  Paulton,  sections  at, 

492,  493.  ^ 

Beann  Taobhliath,  193.  \ 

Bedford,  flint  implements  found  near, 

366 ;    section  across  the  Yallej  of 

the  Ouse  at,  364. 
Bedwins  (W^iltsliirc),  a  reconstructed 

bed  on  the  top  of  the  chalk  near  the^ 

527. 
Beer-Crowcombe,  Rhstic  and  Liassio 

beds  at,  485,  489. 
Bellerophon,  from  Illampu,  70. 
Bengal,  plant-beds  of,  347 ;  reptilian 

remains  from,  362. 
Ben-j-Qloe  Mountains,  Highlands  of 

Scotland,  263. 
Berks,  reconstructed  bed  of  chalk  in, 

527. 
Begrichia  Forbesiy  67. 
Biddcnham  (Beds),  flint  implements 

found  at,  366. 
Bhiir  Athol,  222,  262. 
Blairgowrie,  226. 
BoHvia  and  Southern  Peru,  Mr.  D. 

Forbes  on  the  geology  of,  7. 
Soliviana  bipenniSy  72. 

MelocactuSy  71. 

proboscideOy  71. 

Bone  arrow-head  from  the  Montagne 

du  Ker,  470. 
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Bone-cavc9  on  the  Moiitagnc  d\i  Ker 
at  Maasat,  M.  Alfred  Fontau  on  two, 

Bone-caves  in  Langucdoc,M.Lartct  on 

the,  473. 
Boracic-aeid  deposits  of  Bolivia  and 

Peru,  13. 
Bornidale,  in  Scotland,  section  at,  204. 
Boulder  on  the  plains  south  of  Carlton, 

sketch  of,  3t)6. 
Boulders  in  West  Boscwarne  Mine, 

617. 
Bn^ulalbano  Forest,  215. 
Brodie,  the  Rev.  P.  B.,  on  the  distri- 
bution of  the  corals  in  the  Lias,  151. 
Brodsworth,  Yorkshirt;,  313. 
Bronn,  Prof.  II.  G.,  award  of  the  Wol- 

laston  Medal  to,  xxvii. 
Brotlierton,  Penuian  IxkIs  of,  289, 316. 
Bunburv,  Sir  C.  J.  F.,  Bart., not*^s  on 

a   collection   of   fossil  plants  Ironi 

Naj;fj)ur,  Central  India,  325. 
Bute,  the  older  rocks  in,  136. 
Caledonian  Canal, or  Great  Gl«jn,  Lower 

Silurian  roi'ks  east  of  the,  205. 
California,  terniires  in,  401-. 
Callender,  Highlands  of  Saotland,  258. 
Carabidw  in  the  Rhtetic  beds,  513. 
Carboniferous  rocks  of  Peru  and  Boli- 

viH,  48. 
Cardiomor])ha  Pallasi,  804. 
Cardium  Bhttttcumj  503. 
Carlton,  boulder  on  the  plains  of,  896. 
Carpolite  from  the  coal-formation  of 

Cai)e  Breton,  625. 
Cascade  Range,  North  America,  4-44. 
Central  India,  Sir  C.  J.  F.  Bunbur^  on 

a  coUiH^ion  of  fossil  plants  from,  325. 
Cerithium  coMfrictum,  508. 

c^lindricum,  508. 

decoratvmy  508. 

Rh(Blicum,  508. 

Chalk-rock,   or  topmost  bed  of  the 

lower  chalk,  Mr.  W.  Whitaker  on 

the,  166. 
Chemniizia  Henrici  P,  509. 

nitida,  510. 

Rocssleri,  301. 

Chiton  Lof^usiauus,  802. 

MfKBticHS,  511. 

Chuquiaguillo  River,  gold-wwhings  on 

the,  21. 
Ctadophlehh,  332. 
Clarke,  the  Rev.  W.  B.,  on  the  relative 

positions  of  wrtain  plants  in   the 

coal-bearing  beds  of  Austmlia,  354. 
Coal  at  Vancouver  Island,  433. 
Coal-bearing   beds  of  Australia,   the 
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Reculvers  to  Whitstable  Bay,  Kent, 
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Library  and  Museum  Committee,  ii. 
Reptilian  remains  from  North-western 
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Salter,  J.  W.,  Esq.,  on  some  of  the 
higher  Crustacea  from  the  British 
coal-measures,  528  ;  on  the  fossils 
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D.  Forbes,  Esq.,  62. 
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492. 

Sandstone  and  Coal  of  N&gpur,  India, 

the  Rev.  S.  Hislop  on  the  age  of  the, 

346. 

Sargodon  tomicM,  Plate  xv.  fig.  1,  498. 

Saskatchewan  River,  sections  on  the, 

421,  42^4. 
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Scotland,  Mr.  T.  F.  Jamieson  on  the 
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a  part  of,  1'15 ;  Mr.  J.  Powrie  on  the 
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Scott,  M.  W.  T.,  Esq.,  on  the  "Symon 
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field, 457. 
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Mountains,  442 ;  Dead-man  River, 
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Jura  to  Rothesay,  135  ;  Loch  Earn 
to  Loch  Tay,  260;  Loch  Tav  to 
Glen  Lyon,  260;  Loch  Tomdon 
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Innd,  268 ;  EeculTcra  to  Whit  stable 
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93 ;  Worcester  and  Hereford  Kail- 
road,  including  the  Malvern  and 
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stations  along  the  Hoh lemess  Rail- 
way, 456 ;  m  the  Malvern  Tunnd, 
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joggins,  Nova  Seotia,  522. 
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in,  489,  490,  491,  492,  493. 

South  Joggins,  Nova  Scotia,  Dr.  J.  W. 
Dawson  on  an  erect  Sigillaria  from 
the,  522. 

South-west  Highlands  of  Scotland,  Mr. 
T.  F.  Jamieson  on  the  structure  of 
the,  133. 

South  Yorkshire,  tabidar  view  of  the 
Permian  strata  of  Durham  and,  298. 

Spittal  of  Glenshce,  226,  235. 

Squaloraia,  499. 
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Stenopora  MackroLhi,  307. 

Steven's  Hill,  Long  Sutton,  section  of 
White  Lias  at,  491. 

Stoke  St.  Mary,  near  Taunton,  section 
at,  489,  490. 

Straparollus  Pcrmianos,  302. 

Suesaii,  511. 

Strath  Ardle,  Highlands  of  ScoUand, 
263. 

Strath- Eennort,  section  of  south  aids 
of,  182. 

Stratification  and  foliation  in  the  err- 
stallinc  rocks  of  the  Scottish  High- 
lands, Sir  K.  I.  Murohison  and  Mr. 
Geikie  on  the  ooincideiioe  between, 
232.  • 
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SuHblk,  discovery  of  flint  implements 
in  gravel  at  Kamport  Uill  and 
Ilorne  in,  363. 
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tween Lake  Superior  and  tbe  Pacific 
Ocean,  392. 

Symonds,  the  Rev.  W.  S.,  and  A.  Lam- 
bert, Esq.,  on  the  sections  of  the 
Malvern  and  Ledbury  Tunnels 
(Worcester  and  Hereford  Railway) 
and  tbe  intervening  line  of  railroad, 
152. 

•*  Symon  fault "  in  the  Coalbrook-dale 
coal-field,  Mr.  M.W.  T.  Scott  on  the, 
467. 

Table  of  British  "Rhatic"  fossils,  513; 
fossils  occurring  in  tlio  Lower  Old 
Red  Sandstone,  116;  heights  of 
moimtains  in  BoUvia  and  Peru,  8  ; 
the  Old  Red  Sandstone  of  Scotland, 
149  ;  the  Pennian  fossils  of  Durham 
and  South  Yorkshire,  310, 318 ;  the 
Pennian  strata  of  Durham  and  South 
Yorkshire,  298. 

Taniopteris  danaoides  ?,  332. 

TetUaculiles  Saienzii^  67. 

gupremuSy  67. 

Terebratula  elongata,  306. 

Terrace-deposits  of  the  Rocky  Moun- 
tains, age  of  the,  405. 

Terraces  in  Cahfomia,  404  ;  the  valley 
of  Kicking-horse  River,  Rocky 
Mountains,  402 ;  of  the  Lake  Supe- 
rior Basin,  393. 

Tertiaries  on  the  eastern  slope  of  the 
Missouri  C6teau,  Korth  America, 
'1 07. 

Tertiary  formations  of  Peru,  9. 

T'hanmiscus  dubius,  307. 

Tilehurst,  Berks,  reconstructed  bed  on 
the  top  of  the  Clialk  at,  527. 

Tongue,  sandstone  and  quartzite  of, 
92. 

Tookoy,  Mr.  C,  analysis  of  the  Lignite 
from  the  valley  of  the  Souri  River 
by,  109. 

Triassic  or  Permian  rocks  of  BoUvia 
and  Peru,  36. 

TrigoHocar-pum  ffookeri,  from  the 
coul-formation  of  Cape  Breton,  525. 

Trochus  nudMj  510. 

Walionii,  510. 

Tunbridgc  Wells,  Weald-clay  near, 
273. 


Tunbridgo  Wells  Sand,  274,  279, 280. 

Turbo  Helicinus,  297. 

Turritella  AlienlmrgenM,  300. 

Tyndrum  in  the  Uigldands,  218. 

Valleys  of  Essex,  the  Rev.  O.  Fisher 
on  the,  1. 

Vancouver  Island  and  the  Gulf  of 
Georgia,  Cretaceous  strata  ofi  428 ; 
Drift  of,  406. 

Vertebraria  ?,  338. 

Volborth,  Dr.  A.,  on  Conodonts  in  the 
Ludlow  Bone-bed,  551. 

Volcanic  rocks  of  Bolivia  and  Peru, 
22. 

Volcano  near  Edd,  the  outburst  of  a, 
552. 

Vote  of  thanks  to  L.  Homer,  Esq., 
533. 

Wadhurst  Clay,  275,  279. 

Warmsworth  Quarry,  near  Doncaster, 
the  small-grained  dolomite  at,  291. 

Weald  Clay,  Hastings  Sand,  and  Ash- 
bumham  beds,  l£r,  F.  Drew  on  the, 
272. 

Wealden  area,  Mr.  F.  Drew  on  the 
succession  of  beds  in  the  Hastings 
Sand  in  the  northern  portion  of  the, 
271. 

Westbury-on-Sevem,  section  at,  498. 

Western  Australia,  Mr.  F.  T.  Gregory 
on  the  geology  of  a  part  of,  475. 

Western  Islands  of  Scotland,  Sir  R.  I. 
Murchison  and  Mr.  A.  GK>ikie  on  the 
altered  rocks  of  the,  171. 

WTiitaker,  W.,  Esq.,  on  a  reconstruoted 
bed  on  the  top  of  the  Chalk,  and  un- 
derlying the  Woolwich  and  Reading 
beds,  527;  on  the  Chalk-rock,  the 
topmost  bed  of  the  Lower  Chalk,  in 
Berkshire,  Oxfordshire,  Bucking- 
hamshire, &c.,  166. 

White  Lias  in  Gloucestershire  and 
Warwickshire,  495  ;  in  Somerset- 
shire, 4^. 

Whitstable  Bay,  ooast-scction  from 
Reculvers  to,  364. 

Wollaston  Donation-fund,  award  of 
the,  XXX  ;  Medal,  xxvii. 

Woodstock,  New  Brunswick,  terraces 
near,  385. 

YwicUefly^W, 

Zones  of  the  Lower  Lias  and  the  Avi  • 
cula  contorta  zone,  Mr.  C.  Mooro 
on  the,  483. 
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